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FOREWORD" 



Histoncally, American education has been responsfve to 'the demands 
placed upon it by its constituents to resolve human pcoblem^: Curriculum— 
the what of leammg-is influenced by both societal, advancements and 

* problem? 

/> . , . . 

The worldwide energy problem demands that priority *be placed upon seek- 
ing solutions -Hard-hitting shortages have brought 'general recognition that 
the .sources of energy Sre exhaustibleff Energy to turn the multitudinous 
wheels of Americao industry; to transport a highly mobile people, to sup- 
port the corlvemences of homes, and to make possible recreational ac- 
^ tivities IS becomng more and mare scarce. A complexity of reasons con- 
twbute 'to this situation, finite energy sources,' the demands* of life styjes 
resulting from the technological achievement by people throughout the 
world, comparatively limited support to research, and waste 

The energy problem touches the lives of all people.^Hence, schogis are in- 
volved in efforts affecting bur destiny. Students of, all ages must be taught 
the energy conservaiion ethic, which meax^s using energy more efficiently 
and with less waste. The significant understanding of sharing among 
. pdt/ons andi world dependency must.^ acquired. And as a primary goal, 

• schools are -callefd upon to provide creative ^cial and scientific thinki'pg! 
exploration, and problem-solving e^enences/ft could well be that sbm^ 
yoMths now in -school cnay discover untapped sources^of energy, firfd new 
v^ys To adapt old sources, and invent new machines capabfe of con- 
tributing to solutions^for this complex problem. 

Jo assist teachers m both the elementary and secondary ^chooJs, these in- 
service guidelines on energy and energy conservation have been'prepgred. 
It IS our h6pe th^t teachers vvill use these materials as a starting point and 
go far beypnd in this necessary instruction, A broad effdrt is needed to help 
our society deal with a growing problenT which affects a^l (iv^s and America 
itself. . / • ^ . ^ .. - 

Ma rtirrW. Essex .""''^ 1~ ' -'■ • - ■ 

Superintendent of-Public ihstructttfn ~ 
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INTRODUCTION . 

At no other time in the -history of our c6untry has there been a greater ne^d 
for a national commitment to conserving existing energy ^sour.ees and seek- 
ing new onds. A united effort by al^ Americans is necessary to fulfill this 
commitment There is no 'better place or timd to begin than in today's 
schools.-with students who will be tomorrow's adults. It is their lives which 
will be/affected by the energy practices an^J policies of the present. 

The teacher's responsibility is a critical one in teaching about the sources 
and uses of energy, the -multi-faceted problem, and the .energy conserva- 
tion *ethic. Attitudes, along with technology, are important in working 
toward solutions. . ^ • ' ♦ 

Thf Division of Educational Redesign and Renewal coordinates the Ohio 
D^artment of Education's mservice eetiter. On"^ of the division V major 
responsibilities is the development and dissemination of INDIVIDUALIZED 
II^ERVICE PACKETS, practical re^urces*for independent study or for the^ 
usj^ of teacher-leaders working- with groups of collea^bes. A Teacher's In-' 
Trpduction to. Energy and Energy Conservation is another of these stand- 
ftee inservice resburces. / * • 

this material is intended to gtve jhe teacher background information and , 
general suggestions for teaching units and correlated learning activities. 
Sections are directed to: A Problem Shared by AH. Causes. What \s 
Energy?, Energy Sources, Searching for Solutions, Conservation; An Elhic 
for Everyone, a glossary, dnd an extensive bibliography. The background in- 
formation tias been written for all teachers from, the kindergarten through 
the secortdary school. Four teaching units provide for the differentiation of 
liiistruction: kindergarten-primary, upper elementary, middle school, and 
high school lev^l. 

fn addition, a slide pocket is provided for examples o.f sficfes related to 
energy education. Teachers and students are encouraged to builds slide 
collection by taking picjures which show energy sources, uses, conserva- 
tion practices and industries in the' nearby community. 

• - » » 

The major goal of this mservice puBlicatiern is to give the teacher orienta- 
tion- to energy education and the encouragement to do -research and 
teaching beyond the initial, condensed content. Another goal is that the 
materials will stimulate school districts to build eitirgy education into the 
curncularti. 



WHAT IS YOUR E.Q.? (Energy Quotient) 

1 . Why are our major fuels called foss// fuels? 



^ / 



2. What ar6 the three principal fossil fuels? 
3 Namejhree nonfossil sources of energy. 

,4. Of the nonrenewable fuels, which is most abundant? 

' ' * / * ^ 

5 Give examples of h(5w the study of energy cah be related to science, mathematics 
social studies, literature, art, music. 

,6. What a^g the basic causes'of the energy problem? 

7. What are posiuye features of the energy shortage? 

8 What two categories combined take over half of the average American famrly s 
energy budget? ' , * 

9. What is the primary use of transportation energy in our country? ~ 

10. WtJy is electricity called seconc^ar/ ener^K? 

1 I . In what two ways does electrical power waste energy? ' . . :/ 

1 2. How were substantial quantities of natural gas reserves wasted? 

13. What options do vfre have to meet energy demand? . \ 

14. How \s energy defined in physics? 

15. What are the tv^o states of energy? • . - ^ * 

16 What two kinds of energy transformations take^Dlace in the sun which man has 

learned how to dufilicate? ■ , . * ^ r 
• * ' ' ' 

17 The three types of energy conversion ' processes are mechanical (physical) 
chemical, and nuclear (atlomic). 

(a) In which of these^ processes is-waste f:ieat generated? 

(b) Which is the primary process responsible for all the energy we have? 

(c) Which process takes place in a storage battery? 

18. What unit is used commonly jo measure potential or.kinetic energy? 

19. How IS efficiency of the energy process defined? . < 

20. What are the advantages and disadvantages of electricity? 

\ • ■ ". 
•1-3 



21 When a substance is heated, it increases the movement of atoms, therefore, 
heat is really what kind of energy? ' ^ » 

. ^ . -4 ' • • 

22 Uranium, green plants, coal, natural gas, sunlight, fuel oil, oil shale, and 
hydropower are sources of energy- 
la) Which of these sources are renewable or continuous? 

(b) Which of Ihepe sources are nonrenewable or exhajusttble? 

23. What generalizations can be made about fossil fuels? 

24. Which of the fossil fuels is most abundant in Ohio?*" • 

25. What invention gave the impetus to supplant woocL with coal?* 

« «• * 

2p. What are sgme advantages in dsing'oil or gas over coal? ' * ^ 

27 Which fossil fuel is the principal one not being completely'^utiUzed in the United 
States? ' • • . . 

28 What energy conversion process may ultimately create the biggest new market * 
for coal? ' . • 

29. What are possible sources of energy for the future? - ' 

30 What change took place in November, 1970,, that gave us cause tp worry about 
*our future oil supply? . • , - ^ * 

31. What is the goal of Project Independence? * ^ * . 

32 Name* tfiree technology advancements being made in the energy, field/ 

'33^. What are three advantages of recycling? ' 

34. What are problems in total recycling of thcowaway nl3terials? 

35. What ways does the concern for natural environment figure in the energy 
problem? ^ ^ ' ' . 

• . ^ 

36 What factors will encourage the development of new fenergy resourlies? 

37. What is the energy conservation ethic? - ^ 

38. How can the energy conservation ethic be practiced in schools? - 

39 Wharare some conservation measures whicti rflay be practiced in the home and 
community? 

» • » * ' ' ' ' ' 

40 How can local, state and national' government assist in the conservation of 
energy? ' , 



, A PROBLEM- SHARED BY ALL 



As we are gaining a realistic view of the energy Rroblem, we have 
become aware of the finite nature of fossil fuels. Our students also 
need, a comprehensive appraisal befojre the'y can devise ideas for 
solutions. I 



.V 



^ QUESTIONS TO GUID^ YOUR READING 

At present cof=»4umpti9n rates, wl^err do the opt/mists say we will ' 
; run out of domestic oil resources/ iQ the , United yStates? 

V / H 

•When do pessimists say we wiM run- out? 
H9W long will our domestic cgalJa^? / 
In. what ways can the study /f energy be related to 

science 

mathematics " 

social studies 
. literature 

art 

music? 

What is thfe priryary cause.of the energy problem? 

: / 
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A PROBlEM SHARED BY ALL 



We in America are a probrem- 
.solving sotiet^. yVe live in the 
spirit of/*Can do!" and, while we 
no longer bfelieve that every 
problem has a simple solution; 
we believe that man, if he looks 
hard • enough and works hard 
enough, can do much about im 
proving his own living conditions. 
In this sense, we, like our pioneer 
forefathers, are pragmatists. Our 
approaches to recent problems 
continue to evidence this. 

As an example, putting a man.on 
the moon w^s the i*esult of a 
clearly defined approach to a 
Specific ^ proWem, with im- 
plications which reached into 
ciassrooms, where the challenge 
was to improve science educa- 
tion. More recentty, our efforts to 
clean up the envirooment have ' 
had their roots .in largely* 
successfutJ^cological programs in 
the schools. There* is no reason to 
assume that the readjustments 
required by a new^nderstanding 
of the value and scarcity of 
enetrgy sources will not also have 
their roots in education. * 

Yet, the "energy crisis" is a most 
perplexing problem. Daily, the 
headlines addi to the confusion. 
/We must redu'fce oil imports and 
cut dowp on gasoline consump- 
tiori,^ yet we depepd^ on the 
automobile for shopping and get- 
ting to work, and in Ohio many of 



tus owe our jobs to the 
ifutomobile industry. We turn 
/Jovyn the thermostats, , and 
sometimes . shiver in chrlly 
classrooms to conserve natural 
g^s, yet'we are told that Amenpa 
has enough coal for many hun- 
dreds of year^f only someone 

ca(\ find ways of usiijg it property. 

II 

^. , ' 

But, we have, at least, nrtade some 
process towa^ recognizing the 

. problem. In the 1960*s, vyhen the 
warnings became diear, many, of 
us '^mply* didnjt believe them. 
TheHv v\/hen we began 4o f^el the 
pinch, some of us blamed the in-, 
dustrfal and political sectors of 
our society. It seemed in- 
conceiv^blet that America 
suddenly\:ould go from an abun- 
dance h shortage *bf fuel. Byt 

•no longer! ^We at last aj;e begin-' 
ning to reali^re what' the 
economists have been saying 
since before today s^ teachers 
were m scho&l. '*A*s the cheapest 

.enerfly sources are becoming ex- 
hausted, the real costs are going 
up." ^ 

While ^his^s a problem shared by. 
all of us, it iS not a situation 
which'Hs all baB. As we recognize, 
for example, the extent ^f our 
dependence upoQ^ foreign 
Suppliers, we realize that the Un 
Ited^' States^ must move toward 
self sufficiency in energy supply. 



The longer we wait in working 
towards solutions, the fevyer op- 
tions we will have. The evidence 

> IS clear that the era of cheap fuel 
Is ended.* It is, however, not a 

^ matter alone of fuel becoming 
more expensive. The greater 
problem is diminishing availabil-, 
ity basBcl-oh past and present 
rates of consumption. Pkx issue,y 
therefore, is .the question of ou^r^ 

^ nation'^ whole value system. Aa 
readily^ crvailable, domestic" 
supplies t)f coal, natural gas and 
petroleum dwindle, earher values 
which have le3 to unrestricted 

' .consumption miiSlyi^ld Jo reality. 

Historically, energy sources have 
^been supplanted by newer, more 
efficient sources. Early * man 
found he could augment his ov^ 
muscle povver with the muscle of 
•apimaJs for a greater povver sup- 
ply^ As .fcivilizatfon advaricftd,^ 
vvood became ^ chief source of 
power During th*e Industrial 
Revolution, ' coal supplemented 
and then replaced wood as the 
fuet-to power, rapidly growing and- 
expanding industry! 

Now,\fu^suppfies ^re wanirtg.. 
Our* search for alternatives 
_ suggests that w^ couW be on "the 
brink 'df ahother te(i|^r\ological 
revolution ia energy—the^ dis- 
covery of -new soufce^ an^cotp- 
versioh processes. 



The .table beJpw . strikingly m- 
d^ates that a number of sources 
, of efnergy may.te depleted within 
the life spans of students now in 
school. . ' 

But even this does not s:ay 
enouflh. As suppJies of oil anrf 
gas level off and decrease, we 

• obviously will no longer be abje 
to get nearly 80 percent of 
power from them. Coal reserves 
^ are great, but there may have to 
be* trade-offs , between coal 
availability and envirdflmental 

> faC&rs. Strip mining* is the "only 
cost-effective way to reach many 
of our coal reserves Nor ;s it 
economically feasible to rernove 
the sulfur in most of our 
bituminous coal, using presently 
available technology'. Nucleafr fuel^ 
reserves are far greater* tHan t\ie '' 
.\ projected 100-year supply, if 
technological develc4>me^t of ad; 
" vanced Nuclear power plants 
(breeder reactors) is continued, 
nuclear power d^efbpment 
has t»een painfully slow and is 
attended"^ with complex en- 
vironmental and health Concerns 

' Tosiay nuclear powder accounts for 
only about t©o percent ot our 



total energy budget. SWe oil 
. reserves in Wyoming, Colorado!, 
and. Utah are g teat, but here, 
again there are , monumental 
pollution pVoblemsi ''Copk'ing" oil 
shale to- i;elease the oil eau^es 
the rock la swell and produces , 
alkali compounds/ which pollute 
^ soil and watfer ■ 

The Situation rs not hoppless 
Nevi^sotirces of oil are being dis- . 
cc^red. New ways are being 
found to convert coal to gas New 
research is j>§ir\ting to more -ef- 
ficient-' uses of atomic energy. 
And nfew ways "are being-found to 
use old .energy sources: the^y 
^nergy of Tlie earth, the sun. the 
winds ^nd the tides. 

But all of thus will take time, and- 
It' will demand the use^of our best 

' brain pow^r Today's children 
need, to learn to cope witf? tl)e' 
situation aS it is being presented ** 
to - thero. and they- must be 
prepared so they" may do 

^omethiili^^jaboui it. PrbvijEiing 
energy^focused msjr^iction .will ' 

. be ah ongoing activity, for /it will ' 
require, us to staj aware of 

^swiftly changing use ^tterns and " 



priorities. The^problem"* is more* . 
than a matter of adequate supply; 
we. mu3t decrease ^pur rate of 
*con^sumption while working' 

toward solutions. ^ 

• ' ' - / ^ 

Undenstandmgs ^ about -the 
sources and uses.of inergy and a 
corrimltment to energy conserva-. ^ 
tion require teaching-learning 
emphasik. And it is not enough 
simply to come up with lipts of 
"helpfuhhir\ts" that studer\ts can-, 
taike home.to their parents. Cer- 
tainly; conservation of energy 
should sta^rto^ in the home. 
However, if conservatidn^is to be' 
imeaningful, there must be an u'n- 
.derstanding of what energy. ig, 
where fi-comes from. Who u^s 
it/'WHy and how it.is used. 

iThe role of enejgy has baring 
upon various schpol subjects,. The . ^ 
correlations with scieace and 
mathematics aref readily noted. 
WowQver; there are: others. The 
sun, the ultimate^energy sburce, 
has^had a dominant influence in 
music and^^rt. History chronide^ / 
the ^iivancemfnt of societles-in ^ 
retetipn§hip v/ith ene/g^^ use. 
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Ouf Fuel Predicament 

Potet^Sal Reserves ^ Known Reserves 


— — I — 

> 




USt Energy 
ftesburces 


- * ■ -- 
Yqars. Left' /^'^ 

IO-3OX 




Oil 


ibO billion barrels ' 35 brill'on barrels 




Na^raP<jas 


1000 tr^llior^su4t^■''^^Q trillion cu.ft. 
3,25 triUion tons 2*l5 trilliof?>tons 






Coal 


50&-l\oQ ^ 


■ ,s 


Nuclear Fuel 
^ (uranjum) 


1.7 million tons J million ton§ 


106^{-'10Q0 wilh^ 
breeder reactbjsi * 


f ^ 


^ Srtele Oil 


Unknown * 200 bUjion barrels 


UnknovVjJ * ^ 





A/og.' Figures are esf/Vwates derived from several sources. Estimates*of e;i6rgy resources 
t . \ vary widely, often depending tO;Some extent on^th'e interests of the estimatprs. 
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Literature tells of the lives of peo . 
pie in\^oived in the development 
of energy Examples aje novels 
stiCh^'fe Richard Uewetlyn s Ho\\ 
Green Was My Valley and A J 
CroniHs The Sfars Look Dov^n 
The Molly Maguires (19th cen- 
tury militant tvPennsylvania 
miners) are the Subjects of non 
fiction worKs • . 

•■ > . ■ 

Although^nergy use isiso'much 
a, part of the daily/ Jives of 
Americans, studies indicate a 
general lack of awareness about 
sources of energy and, how 
energy is used to gerierate 
^ower The sources of energy 
i^ed today are Simply taken 'for - 
granted ' * 



lrj<s hoped Ujat students w^ll 
reverse this carefree Jl^ o!*the 
switch ' psychology by becoming 
fblly and we[l informed about 
energy, uses, coriSpmplfon and 
reiated problems Future resoon- 
Sibility; wiU« be upon meir 
shcAjIders. It is not too earJy, everr 
at the kindeVgarteruleveC tolfcegm 
thinking about nfew and m- 
ndvafive ways of saving energy 
and unlocking rifew resources. 

for these exercises, our textjq^n 
be the real wprld as it exists and 
changes Artd our school setting 
Itself cao b§tome a model ^'nergy 
coriservahorv center We • can 
maintain lower temperatjures, 
use lights and paper care/ully, 
and then in a rriathematics class 



we can u^alc'ulate the effects to 
see what they really meah. (JTiTr^ 
a driver education class ^we can 
study. the energy saving (as well 
as safety; aspects of good driving 
habits In socidj studies we can 
study the energy consumption . ^ 
patterns of . qhildren m other^ ' 
countries where fuel is already 
scarce? And we can visit and 
learn f/org people, m the -com- 
fnunity wf^ose job it already is to 
conserve energy , ' people at the^ 
electric ^company, the gas com^- 
pany- the school custodian . , 
the schoel bus supervisor ... . and 
^others. , 

« 

The possibilities, for. learning by 
doing and seeing for ourselves- 
are limitless! ' 



CAUSES 



Man's ability wcontrotand develop energy spur'c^s hasfiejped to 
- make civimation pos§fBIe. To save civilization, he mustjiowbuy 
' time for finding n.ew hnergy sources by conserving the fossil fuels 
: thafBre^feft. - . • • . - , •. .^ .■ 



] - Qt/ESTJOfyrSTQ-GOiDE YOUR READING - 

WhaVtwG categories combined take over baff of the American 
family^# energy budget?.- - . o 

- ' 

What fraction of ajl American workers have jobs associated with 
^-the-autofhobile busine'ss? " - 

' . ■ . ' .9 

^Wlten will nucjear power-begin to'make major contributions to our 
electricar^upply? . ■ ^ 

What is caHed secondary energy? 

Why is it called secondary energy7\ ' ? ' .'^^ 

Hoyy did we waste substantral.. quantities of our natural gas 
reserves? . . 

What doWe need to get to an era of endcgyabundance? (one word). 



CAUSES 



From ^rly man to th# present, 
progress can be recorded m one 
way as a series of technological 
jumps -each one directly related 
to energy use. Man's control of 
fire With wood as the primary fuel 
permitted him tc cook and 
preserve .food, to live in an 
otherwise inhospitable environ 
ment With coal, a rhore concen- 
trated energy source, he could 
develop manufacturing and ex 
. p^ite trade v»a steamships and 
✓raihsads Ort and natural gas 
Vgave him added mobility'* and 
opened new prospects for 
cheTiical technology Nuclear 
energy already has permitted 
Signffioant advances m medical 
diagnos.s and treatrhent (through 
X rays), a has only begun to be 
realized as a ponable source of 
power • capable of making the 
deserts bk>om» and powering 
i>p3cecraft Concepts unheard of 
only a few .years a'§o — such as fu- 
' §ton. .utilising the almost linviless 
hydrogen di ihe oceans as a 
primary energy source— are now 
nearly . within the realm of 
techng^Heasibitity 

We may be^n the threshold of an 
era*' when the ability X6 use 
almost limitless energy will be 
shared by all mankind But what 
" is needed to cross that threshold 
is time, aftd that's what we're 
runnfn0 out of Man is literally in 
a,race with himself As teachers, 
vOe have the opportunity and the 
responsibility to help make sure 
that tomorrow s citjzens under 
stand the ^impfications of the 
race * 

We are running out of time 
because wp are exhausting our 
fossil fuels on which we hsve 
placed ' great dependence. It is 



wtth these fuels that we heal our 
homes, cook our food, operate 
Our factories, and turn the 
wheels for moving people and 
products. These fuels have 
powered the auto age and, the 
beginnings of the space age 

A noted geologist* has described 
the Situation 

' When the first settlers landed on 
the eastern shore of this conti- 
nent they Wdire confronted by a 
forest thai -came down to the 
water's- edge. Srnce wood was 
the bastc fuel for both heating 
and cooking, they rriust have 
been encouraged by the 
seemingly inexhaustible supply of 
firewood. This could have been 
the orifftn of the Arnerican at- 
titude toward energy resources^ 
namely^ our resources of fuel 
are so huge as to be virtually 
inexhaustible. 



Natural gas poafed from the oti 
^ wells in such enormous* quao- 
tfties that there vyas nothing to do 
^but burn it at the well, the mght 
sky *was lit by hundreds of oil- 
well flares. We didn't know what 
to do with ft so we wasted it. The 
bountiful flow of oU and this un- 
usable oversijpply of gas added ta 
the American conviction already 
established-i-we Ji,ave vast 
energy resources. First it w&s 
wood, ,then* coal,* th^ natural 
gas, , • 



As the population pushed 
westwarff into Pennsylvania and 
western Virginia, coal was dis- 
covered Exposed on hillsides and 
in stream valleys, cbal seemed to 
be everywhere. 

Then' m the mid lSOO's, well 
before the outbreak of the Civil 
War, oil >vas discovered m 
western Pennsylvania. In fapid 
succession, oirwas found in New 
York, Ohio and West Virginia. In 
the early 1900X the search for 
oil moved to the mid-continent 
and then southward into Arkan- 
sas, Louisiana and Texas, Also, 
oil seamed to be almost 
everywhere. 



^Richard J Andersoa Batt^Ue 
Memorial Institute 



But our convictions wsre based 
on assumptions, not on facts. We 
could, and did, cut dovm the trees 
faster than they could be grown. 
We were minmg^coal as fast , as 
we knew how, until the p&ce was 
slowed by the arrival of cheaper 
{and less polhitingl cil and 
natural gas. Then oil field after oil 
fi&ld was depleted. Not that all 
(he oil had been recovered . . . 
\^^^^yBut enough" bad been removed-to 
lower the reservoir pressures, 
and no}^ the oil would not flow 
into, the wells, and the recovery 
• of the remaining cH could cost 
more than it was v7orth. We ware 
Yunning out of cheap oil. 

« Gas fields gradually gave up their 
reserves, and the search for new 
gas deposits was pushed (but not 
energetically) . , 

To make up for the shanking, 
supplies at home, the oil and 
naturaf-gas complies increased 
imports from abroad. • And all the 
time these critical developments 
were going on, there were few 
words of warning, or even cau- 
tion . We were on an un- 
precedented eVergy outlay , . . 
<Then eame the oil embargo of 
late 1973 ^ 



Clearjy. we ere living on an earth, 
which IS limited in ns (Opacity to 
satisfy our eoo/mous demand for 
energy supplied by fDssil fuels 
We must stop using energy 
v^ich IS- fed from ihese sources 
gs if they would last fprever 

Energy ts consurpied almost 
equaify in the major sectors of 
our national economy transport 

-* taticxjn. residential/ commercial, 
and industrial Hledtncity genera- 
tion accounts for one-|Gunh of, 

^ our energy consumption" Elec- 
tricity IS often calletj secondary 
energy, for it requires conversion 
of a primary ^energy source such 
as coal, petroleum, nuclear fis- 
sion, or. hydropower for its 
generation 

Americans have more than 
doubfe<y their total energy con- 
VsurBptJon m the last 25 years- 
I Demand for energy, per capita, 
has increased by 50 percent m 
that tSie Clearly, our use of 
^ .energy extends well beyond our 
* needs mto the limitless category 
of W^nts 

How miich energy are we reaJly 
consuming? The followmg* table 
-^hows the energyDudget 
/or the average American family, 
when each fam'ily spent about* 
seven percejit of its income on 
energy Gascfline for thp family 
automobile(s) accounted for over 
a fourth cf the. average f^ily's 
energy outlay, exceeding the ex- 
pense of home heating 
Americans spent almost-17 times 
as much for Bner^y to operate 
automobiles as on ^public •[ 
transportation 

Gonsjder oiir ^ffarr vsmh the ever- 
presem automobile The rdUgfily 
100 mdlfoo cars mahis country— 
almost 50 percent of the vw>rld 
total— consume more than 75 
billion gaflpns of gasoline m 



Enersy Use in the United States Today, by Sector (1971) 



Transportation 



Resictentia!/ 
Cofnmerc»a.' 



Ipdustrja^ 



Parcentigt 

of Total 
Consumptio n 

24 



20 



Major 
SourcvU) 



PetroJ-eum and 
petroleum prod- 
ucts (95%) 



Examples of End Uats 



Movmg oor vehides-automobiles, 
trains, planes, jh»p$, tructe 



BectTJOty 
Generation 



28 



28 



Najufa! gas 140%) Sp^kc heating and cooling, water 
Petroleum (40%) heating, cooking refrigeration. 
Bectriaty (15%) atr conditioning, lighting, clothes 
drying, running app:iance$ (for 
homes, stores^offtces) 

P^tura! gas (45%) (Operating m^Tnts. to 'produce 

Petroieum (25%) vwde array of rrtanufactured 

Coa^ <20%) . goods- 
Bectrioty (9%) 



Coal (55%) Bectric power pjyits generate 
• Natural gas (20%) eJectrioty for other sectors ((ess 
Hydropower (10%) thaa^50% efficient). eJectrioty 
PetroJeum (10%) genecatjon not an end use 

Source: Duprw and West. Umted Smts Bnsr^ Through the Ytsr 2000 US De^ 
patmerrt of the Int^nor, 19:^2. 



Annual HouseTiold Enersy Budget for Average Amencan Family (Mid-lf 73) 



Enefgy End \Jm 


Form of Energy 


Percent 


Equhralant Amount 
of Gasolina (grilons) ^ 


* 

AutOTJ^ie 


Gasoline 




911 


Space Heating 


riaturarcas, Oi] & 
Efectffory 


27-8 


897 


,M3jOr Apphanoes . 


BectJ^/city * 


2.7 


S3 


VSfeter Heatmg 


f^^tural Gas, Oi\ & ' 
Eiectncrty 




201 ^ 


Air ConUmoning 


E<ectnfety 




53 


Us^t^ng & Chher BectrlcaJ 


Eectrtcty 


' 1.4 


46 


Cookmg 


Natural Gas 
4 E^ectridty 






^^sceJJaneous Household & 
Rfcrcati^i '» 


Ga^Hine 

• 




> 

20 ^ 


PuKic Tfanspoftation 
(Intercity, Nonbussness 
Tr^f 


Jet Foe), Oiesci & 
Bectncity 


1.7 


54 


(Irstra^.ty T^p$^ 


Dies^ & Electritoty 


0.1 


• 

5 


Wit»,Heat. Bectric»ty 
Po>^er (rener»t?on 


Coal^aX Natural 
Gas a Nuc^ 


213 


' 704 


Refinery Loss *n Gwca^ne 
ProdyaioTi , 


ft ^ 

^roJeum 




192 




TOTALS 


lOO 





Source. Otizwn.Actkm Gwds to Bnotfff Cortser^ston. Oti^i* 
^ on Environmental Quaitty, 1973, ♦ 



Ac{»ri$ory Committee 



traveling more t^ian a trillion 
miles a year One out of six work 
<ng Americans has a job 
associated w^th the automobile 
business The total a'nnual energy 
used by passenger cars tn the 
United States (including fuel con- 
sumed, losses -in petroleum refin- 
ing to «make gasoline and oil 
energy used m manufacturing, 
and repairs) is equal to nearly 
150 billion gallons of gasoline or 
one quarter of gross national 
energy consumption While 
transportation energy comsump-^ 
tion m most other countries is 
primarily for hauling goods, m the 
United Sta'tns it is pnmarily^^r 
hauling people Irv the chart 
below, originally published in 
early 1974. the US Office of 
Science and Technology has 
plotted this dramatic fact 

Tfiree decades ago. Ohio, hke 
mahy other states, was interlaced 
by a system of ^interurban 



» railroads These railroads pro- 
vided cheap, reasonably con- 
venient transportation between 
population cerKersr Where are 
they now? 

As the cheaply fueled automobile 
became America's [People mover. 
out patterns of living, goinb \o 
work and shopping changed 
Attempts to replace the auto with 
public transportation have not 
been successful No longer do we 
walk to the grocery store, we 
drive to the shopping center 
There are signs that some of us 
are rediscovering the bicycle 
However, many people still would 
rather take the family car to 
recreational areas' rather than 
walk or put up*%vrth the in- 
convenience of a bus ' 

The fact of the matter is that we 
are so accustomed to using abun- 
dant, cheap energy that a Sincere 
national cons^ation effort will 
^ve to be a trying one 



It IS true that, with six percent of 
the world's population. 
Americans now consume one 
third of it^ presently available 
energy However, the substitution 
of mechanical epergy for muscle 
power has tradftioQ|^y been a 
source of natK»|npridfe in a 
world that acclaimed inven-~ 
tivBness. technology, and a high 
standard of living. 



In the midst of plenty and the ex-^ 
hilaration of discovery, we have 
come to depend almost Qxclusive-*^ 
ly for energy on exhaustible, non- 
renewable fossil fi^els. ThS fossil 
fuels in the ea'rth now are. for 
practical purposes, all that we 
will ever have This dilemma is at 
the heart of man's current energy, 
problems 

Alarmed by the present situation. ' 
some of us are taking the. attitude 
that this has been virrong. We 
lose Sight of what can be done to 



Transportation Wheal of Energy Consumption in the United States 



TRUCKS AND BUSES 22.2% 



PLANES 12 Sli 



FARM 

VEHICLES 4.8% 

f * 

SHIPS 4X) 




TRAINS 2 9» 
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/make the wortd a better* place 
/ahrough the constructi\re use of 
( jechnalogy ff new power squrces 
yran be developed, there is no. 
^reason to believe thaf vye cannot 
retain ihe.truly meaningfutijarts 
of our technology and continue to 
spread the advantages of 
mechanical power lo other epun- 
tries But until we bave new 
sources, Ave must five prudently 

Some of today's best science 
students will be helping design 
more efficient energy conversion 
systems Meanwhile, we^ must 
make do with machines which 
are notoriously wasteful in. 
design This waste is illustrated 
by. the average automobile 
engine, whffh operates at less 
than 30 pfercent efficiency A 1 
home oit iurnace is 65 percent 
efficient An-industnal gas tur- 
bine isr\)n1y 35 percent efficient. 
A steam turt^ine is {fess thafi 50* 
percent efficifenj m generating 
electricity, and when that elec- 
tricity IS transmitted long dis- 
tances. . there are substantial 
losses from the power-iines. Pru- 
d^t operatHDn of mechanical , 
devices -can minimize hefit 
losses— whether the heat goes 
up the chimrrey, into the cooling 
^vaier of a pdvii^er plant, o> is Jost 

' by friction m the brake limngs of . 

'the Jam ily car 

WeU worth remembering are, 
these seven • thought-provoking 
energy shortage facts 



(1) No- smgte "nfey/' source of 
energy is going to materialize 
"Suddenly and rescue us from 
today's shortages 

(2) It will be 1 977 or 1 978 before 
the Ai^skan pipelines are 
finished to bring us oif and 
natural gas from Prudhoe 

* Bay- , • 



(3) It will be 1 979 or 1 980 before 
new gas or oil dep,osits can be 
found off the Atlantic and 
Pacific coasts of the United 
States and brought" iftto 
production, if indeed they ac- 
tually exist there, and if they 
can be recovered wrthout dis- 
astrous effects on th.e 
environment. 

(4) New plants, to produce syn- 
thetic natural gas or synthetic* 
fuel fcJFrnQtor vehicles will re- 
quire at least 3 or 4 years to 
boili even if we could decjde 
now what process to'^mploy 

: It co^ld be 19S2 q>^ 1985 
before significant*supplies of 
synthetic fuel t>egin to cir- 
^cufate through the national 
I * , drsiribunon system. 

* • 

(Sr Nuclear reactors, on order or 
under construcfion. take 
years to cgmplete. Major 
nude^r contrfl&utions of elec- 
tricity to the national supply 
are not expected before 1 985 
(Today's nuclear share of the 
national energy budget iS'less 
than twoTjercent.) 

(6) Advanced nuclear deyelop- 
ment such as commercial 
breeder reactors, could be 1 0 
to ZO years away. • Fusion, 
despite new and encouraging 
discoveries, is still a hope for 
the 21st century, not the 
20th 



erJc; 



(7) Important additions to the 
normal energy budget from 
• SGlar, geothermal, or tidal 
sources are not expected for 
' another 10 to 20 years * , 

These facts lead to an un- 
avQidable conclusion our only 
recourse during the next 10 years 

♦ or Tiore is to inW'ease fuel im-. 

• 'ports or reduce our consumption' 
It may be unecorwmic to seek 

■ 18 
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totaf energy independence m the 
very short run Yet, to increase 
our imports will mean a growing 
balance of trade deficit and possi- 
ble further devaluation of the 
dollar, the other option is to 
conserve wherever energy^ is 
used/r)ot throwing awayj3ur 
electric toothbrushes {which con-, 
sume 6 paltry 6/10.000ths of 
one percent of our electricity) but 
by careful ^nd intelligent use of 
dwindling resources. 



^Richard J Anderson, 
Memorial Institute 
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WHAT IS ENERGY? 

We gBt our ability to perform work from the sun'. Much energy is 
stored as 'nonrenewable fuel resour-ces. To conserve these 
resources, we' must eliminate waste . .- . particularly waste heat. 



QUESTIONS TO GUIDE YOUR READING 

How is energy defined in physics? ' 

What are the two forms of energy? . r - 

What two kinds of enei^y transformations take place in the sun? 

The three types of energy conversioi\ processes are mechahical 

(physical), chemical, and nuclear (atomic). 

- , • ■ ^ . - ... 

(a) In which of these processes Is waste heat generated? 

{by Which is the process responsible for all the energy we have> 

(e) Which process takes place in a storage battery? 

What unit- is used commonly to measure potential 'or kinetic' 
energy? ' . . . 

When a substance is heated, it increases the movement of atoms, 
therefore, heat is really what kind of energy? » 
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WHAT IS ENERGY? 



Energy is a word used widely, but 
often with Itnle thought Tliere 
are* problems of meaning and 
problems in scale S7?^er energy 
in a television hosiery commer- 
cial may confuse youngsters, nor 
does It seem meaningful to 
equate the energy m a popular 
breakfast fo8d with what the 
news commentators discuss 
wheH they consider new 
manifestations of the energy 
ccjsis (thoilgh' of course, food 
shortages and energy shortages 
are inexorably related) Fre- 
quently, students may be con- 
fused and apprehensive, perhaps 
even turned off To turn them 
back on. ' and provide new" 
awareness, it's practical to f in- 
troduce energy thinking intoi 
other instructional areas, as v^ejl ^ 
as science * 



"How did the Pilgrims use 
energy?-What^*ergy sources did 
you use^ this mprnmg in gVttmg 
up and coming to school? What 
can Vou'do "each day to save 
energy, and how much can you 
save^ What energy source! are 
i5sed by the school^" These are 
some of the questions one can 
ask 

We all know' that energy is the 
capacity or aibility to perforifi 
work What. then, is work? V^ork, 
m physics, is a push or a pull 
{called a iprce) on an object 
which causes that object to move 
ag^ainst a resistmg force such as 
friction, gravity, or simple Inertia 
Since effecting^ • movement is 
what we mean by work, obviously 
play IS i kmd of work, as are all . 
human actions. 



Any moving object is capable of 

performing work, and therefore 

possesses energy^ We call this 
'energy the enerQyihf mqvement 

'or kmettc energy jJ^xocWiaWxnq 
V frbrrp a cHff ihto ^^ol of water 
^has kinetic energv^^fe to^gravity. 

Furthermore.' any?^g>jonary ob- 
ject also possess^: 

for movmg and pefff 

for It. too. Is acted 

ity. jwhich is oppC 

stronger resistmg for 

the object frorp- mc 

stationary object, suci 
' roqH on the cliff before^ the fall- 

possesses the energy of position 

or potenttal energy. 




capacity 
ig work, 
ly grav- 
by^ a 
keepmg 
ig. The 
as ^he 



Potential and kinetic are the tyvo 
states of energy. An object at any 
gtveji moment ts either at rest or * 
in mption; ots energy is either 



Energy transformations— A Pendulum 





energy chan^g 
from Poteniiil * 
to Kinetic 



i from Kinetic to - 
[ Potenjidl 



Highest Point of Swiog- 
N^aximjm i>OTE^mAL Energy 
(ban at KstU 




Lowett Point C< Swjnj- 
V.axjmum KINETIC Energy 
fbalt »t f«teri speed) 



Highes^j Point of Swing- 
Return to Mv^mun? 
POTENTIAL Biergv 
(baH again at resti 



*For illustrative teaching procedures, see the teaching units 
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potential kioet/c Obviously. 
. work IS done only after an object 
passes from the pbtential state to 
the kinetic state, when its stored 
potential energy is released A 
swinging pendulum illustrates 
the transformations of energy 
from potential Jo kinetic and back 
again 

Several different proc^ses may 
bring about * a change in the 
energy of an object frpm potential 
to kinetic These processes* -gre . 
either mechanical (physical), 
chemical' or nuclear^ (atomic) m. 
nature 

All of these energy-state trans- 
formations *set,>somethirig rn mo- 
tion which th^ hSs the capacity 
for performing work The' very 
^»»'St process is a nuclear process 
The sun is a corrhnuous source of 
nuclear and th^K^monuclear 
energy ft releases ^energetic 
nuclear particles and **'waves" 
(photons) which continuously 
Lombard the earth ^^/luch of this 
energy ti absorbed by the earth s 
atmosphere. Some of.it (sunlight) 
penetrates the atmosphere, 
where it strikes green plants 
which convert it to .cheVnical 
energy by 'a natural process, 
photosynthesis ITis this natural 
process that is responsible for all 
the fuel we burn. Wood comes 
directly from green plants* Coal, 
oil. a^d natura^f gas are the, 
fossilized remains of green ptahts 
and of plant and "animal 
organis?ms wViich consumed 
them 

When chemical energy is used 
up. there is no actual loss of 
matter That is, the combustion 
products of coal or oil weigh as 
nKjch a s - th e fuel did m the first 
place But in the sun, matter is 
actually transformed into energy 
And. as we learn from science, 
the possible energy yield from 
converting matter is tremendous 



Fn the * sun there are tyvo 
^ processes, fission (the splitting of 
' heavy atoms) ahd fusion (the 
combining of light atoms) We are 
beginning to use the fission 
process directly to produce heat 
in nuclear power plants We have 
produced fusion energy so far 
only m the hydrogeh bomb 
Man s hope for ultimate plentiful 
supplies of energy rests on better 
control of the fission and fusilon 
processes^ 

Except, in a few cases, such as 
stor3ge batteries, heat is always 
generated as an intermediate 
step' between chemical energy 
and mechanical energy Heat 
causes air, steam, or soiHe other 
gas to expand, andthS expanding* 
gas setsisomething in motion In 
nature, a cloud njay be set tn mo- 
tion In* man*$ environment, the 
heat' can be used to drivjs a piston 
or turn a vvljeeL No mechanicah 
device even approaches bemg a 



45ecfect energy converter, some 
heat always is lost to the sur- 
roundings, and there are other- 
losses when heat is generated by 
friction 

We get most of our electrical 
power from mechanical eriergy. 
requiring another conversion step 

■ and more friction losses. In a 
storage battefy, chemicai* energy 
IS converted directly into elec- 

.trical energy but there still is 
some heat loss. Qevices for Con- 
verting heat energy directly to 
electricity are being investigated 
m the laboratory and ultimately 
may become important assets to 
enpg^ conservation 
* * 

When, potential energy is con- 
verted to ^in6tic energy, heat is 
evolved, plus possibly light and 
sound. Actually, heat is really a 
form of kinetic energy due, 
basically, to the mcceased 'move- 
ment, of atoms in the substante^ 



Processes of Energy Transformation 



MECHANICAL Force pushe; or pulls on an object causing it to overcome 
^(ph^cal) resistance and move. Origin of force may be man, other a^irrel^ 

; plants wm^, Meter, rnachine'', heat, ^avity, mdgndtism. 

Examples; bowling ball strikes pins; 
' P^nt pushes^lip throu^ soil, ^ 

* • tornado taproots tree; ^ 
milk IS poured on cereal; 
, toaster "pops up toast. 

Two or fT>ore 5ut»tances brought into contdc^^der certam con- 
cAttons cause reaaion which moves something (oftea tx^sion 
due to heat generated). ^"""^^^ ^ 

Examples, effervescent taWet fizzes ih water, ^ 

(gke rises in o«n," V • • ^ 

ri^tch bums v^en -struck, ' 



CHEMICAL 



NUCLEAR 
Atomic) 



Tremendous potential energy holding atomic nucleus together is 
transformed to heat and light and great expansion ^f air. Some 
matter is transformed directly to tnergy>Two processes (a) fifiion 
or splitti^ of nucleus by bombardment vwih subatomic partldcsj 
(b) fusion or joining of two nudei under great IHeat and pressure. 

Examples^ miclear power plants, '^atomic" sub- 

n^rints. Itom bomb (all fission); sun's 
surface, hydrogen bomb (fusion). 



that IS healed , Because he^is a 
result of every energy vf^hsfor- 
mation. and because an/y energy 
source can be coftverted mto an 
equivalent amount pf Vieat. th§ , 
measurement ' for Heat — the 
British thermal unit (Btuh- is 
used commonly to- measure 
potential or kinetic energy One' 
Btu IS the amount of hoat re- 

" quired to raise the temperature of 
one pound of water pne degree 
Fahrenheit There arp at)out 
13,000 Btu m a pound of * 
bituminous coal. 1.032 Btu m a 
cubic foot of natural gas, 132.000 

' Btv in a gallon of gasoline, andi 
145.000 Btu m a gallon of home 
heating oii. 

r 

When one state or form of energy 
IS derived from another, we have 
energy 'to -energy conversions, 
these are fiappenmg all the time 
around us (and even inside of 
I*) The one .inrtt50Ptant thing to 
remember is that you get oflly as ' 
much out of an energy-to-energy^ 
* cpnverlibn as you put in; only the 
forms Of. states of energy are 
. c^angeil when energy *s.' con- 
[ verted from on6 /form to another, 
thete"^ no sucJf'tbmg as genmg 
something for .nothing. # ' 

^f ell ^ergy conversions oc- 
curhng all the time, only a very 
fev^ will result in Work useful to 
n[)an We increase tl^e number, of 
conversions that generate usefuh 
^en|rgy through converter^ caiied 
machines, which^ riransfocm 
energy of one f<Jrm. the fuel, into 
energy of another ^orm. .the 
product An automobile engine 
converts; by burning, the fuel 
gasoline, a form of* stored 
chemical energy.' into the 
mechanical energy of motion 
Our own bodjes convert fQod into 
movement, heat, and all life 
processes . The excess heat and 
sound generated by an ' 
automobile* engine are mostly 
waste energy, not useful to pur 



purpose of moving from place to 
place 

The term efficiency of a conver- 
sion process or a machine refers 
to the ratio of useful product to 
the total ambunt oi input (or out- 

' put). As users or converters of 
vast quantities of*energy. we are 
therefore concerned not only 
with the Supply of energy 
available to us. but equally with 
the efficiency of ^our energy- • 

'conversion proces^s . 

Electricity is plean. available in- 
^5tantly. and easily transmitted. 
Since 1950. generation of/^ec- 
tricity in |his country ras in- 
creased 'by a|. factor - o^ four 
H6wever.,' both the generation 
.and transmission of electricity in- 
volve some .waste energy. 
Generation of electricity— the 
conversion of fuel to electrical 
, energy— IS less than 50 percent * 
efficient m-even the most modern 



Qlants. In many of ,the older 
• plants as much as two-thirds of^ 
the energy. g6n$rated is lost as 
vJBste he^t Which is exhausted as 
"thefrpal ppllution" through plant 
stacks arflBT cooling water. Ten 
percent of the electricity actually 
^generated is ibst durjng tr^ansmis- 
^on Nev^ developed and costly 
meaRs' of transmitting electricity 
throug h chi II ed underground 
cables have : the potential of 
reducing this loss measurably 

We ^ave seen that all energy 
conversions — and all our sources ' 
of energy— can be traced back to 
nuclear^nergy tn the sun. Man is 
only beginning to maHe use of 
nuclear energy conversion 
processes on.the earth the fuel 
that IS 'presently availa*ble for 
thes6 processes (ah uncommon 
form or isotope ^f uranium called 
U-235) IS limited in extent and 
cbstly to obtain. Other potential 
fuels for nuclear //ss/bA7. the split- 
ting of heavy atoms, are more 
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plentiful, but they wiiP>eqy4re 
many years of technological 
development. Potehti^ly^ the fuel 
for thermonuclear fusion is as 
abundant as the hydrogen in the 
oceans, but realistic fusion pbvJer 
may have to wait for. the 21st 
centaury. - This leaves, non- 
renewable fossil fuels— toal, pil 
and natural gas— as today's prin- 
cipal energy sources. (Hydroelec- 
tric power and other nonfuel 
sources account for only i^all 
^art of our energy budg^.) We 
must ^simultaneously conserve 
our remaining fossil fuels and 
learn how to use them as ef- 
ficiently as possible. 



ENERGY SOURCES . 

Coal is the only fossil fuel still widely abundant in the United 
States, but there are problems associated with mining and using it. 
Ohio is a' inajor producer, but Ohio coal is high in sulfur content. 

♦ » • 

QUESTI9NS TO GUIDE YOUR READING . « 

UraniBrm, green plants, coal, natural gas, sunlight, fuel oil', oil 
shale, and hyd^Qpower are source^ of energy. 

(a) Which of these sources are renewable or continuous? 

(b) Which of these sources are nonrenewable or exhaustible? 

What are tKe three principal fossil fuels? ' ' 

\ ■ 
Which -df the fossil fuels is most abundant in Ohio?' * " ' 

■ . » '' . ■ 

What percent of U.S.. energy comes from petrdleum and natural 
'•gars? r . . • ■■ , . 

Ohio suppHe;s. what 'perb^nt of'th^. petroleum that ia used in the 
state? ^- I. ^ ' ' V . 

At jthel>eginnlpg of the -20th cdntury/tioa I supplied about 9Q,pQr.-; 
c.e^tjg. the aSnrenewable, inanimate energy in thq United- States.. 
How-mtKJh'does it supply now? ' ^ i ■ ^ • < 

Hovi many'millidn tongjpf ccal eaoh^ 
cgme fr^^m deep uhdefgrounS-^inint?^^^^,- - ' ' 
' >[ . ' \, ^ • ■ • . 

The Ven?afning-U.S.~eoal production each year co.mes from what 
type p^.mining^ . - 

What. is the pr^cipal disadvantage 6i Ohio coal?^- . 



ENERGY SOURCES 



Some energ^ is /obtained from 
sources djrectly/ related to the 
flow of fieat ami lic^ht from the « 
sun We can te^ these sourcefe, 
cautiously, ren^wabfe or co/i- 
tinuous er)4rgy resources. As 
Jong as the sun rises every mor-"" 
rung, its energy will be available 
and constantly repleQished.* Th^ 
amount of solar energy received 
daily by two square^. miles of the 
earth ? surface equals the energy 
released bv,burnmg 7.000 tons of 
coal, or the'rfaily energy output of 
Hoover Dam However, we lack 
the techn6logy to st(?re most of 
the sun's energy, if we knew 
how. a year's supply of energy for' * 
the wqrid could be gathered from 
sunlight reaching the earth in 
three hours ailli 1 2 minftites As a 
source, solar eriergy. presently 
very costly, but extremely 
vcfluable What is rjeeded is an 
inexpensive means of converting* 
solar radiation to useful energy. 

Other energy sources which owe 
their existence ultimately to 
energy from the sun and the 
earth's formatio^i are stored in a 
"^kihd of "potential energy fund " 
Their supplies have finite limits 
and: in most case's,' are not being 
replenished, srjhey arc 
nonrene wable or exhaustible 
energyj-esources 

We call these fossiHuels b^use 
they were forced from animal 
antl vegetatle matter that 
^txHfectschal fee fessem-M aB?;ient 
seas arid m svvamps mllHons: of 
years agp. This debris was buried 
by inopganic re'^idue and" su*b- 
jected to great hear and pressure 
as well as'bacterial and chemical 



*A total^of 13 9 X 10^' Btu reaches 
the earth daily ^ 



action The end products— oil, 
natural gas, and coal— contain 
large quantities of stored solar 
energy in the form of 
hydrocarbons. 

We c\ n make s'fe ve r a I 
g^eralizations about the fossil 
fuef§ vvhich account ^for 'more 
than 95 percent of the Inanimate 
energy supply m our state. 

• All are found primarily vwthm 
the ^arth and extracted ^>^at 

. great cost This means'expen^' 
. sive exploration to locate them 
(eycept for coal) ^nd large in- 
vestments of caprtal to extract 
them (especially in tTie case of' 
off shore petroleum and coal)» 

• AIT^ are storab'le and 
tran'spo/table—petroleum . by 
pipejine, tanker, barge, truck . 
.and r^il, natural gas by 
pjpeline (liquefied natural gas 
by special tanker ^rtd barge); 
and coel-by rajl and slurry 
pipeline. 

V 

• 0\\ and coal have important 
nohfuel uses aSJ^T-aw materials 
in! production of plastics, 
lui^ncants, ahd the. like. In the 
future, many experts feej that 
co^rt jnay actually be belter 
suited for (and^ould be more 
efficiently used in) suph non- 
fuel capapities (nonfuel useoj 
coal now accounts for .^|x)gt 
five perce.nt of the to.ta^ use). 

W Because of iheir location, com. 
ptfeition (especially vvhen high 
jn sulfuf), and the process by 
which they are converted, coal, 
and to' a much less extent,. 
' petroleum and gas, require an' 
alteration jof the landscape in 
their extraction and can 
release pollutants into the a'lr 



and w3ter wh^n produced and- 
osed * " . ^ 

• They are^ ail .l^gely, burned,\ • 
releasing heat energy to per- 
form wofkr • * 

• All are nonrenewable. 

Early m his d^elopment, man 
learned to tonti^ol the -release ^of 
stored solar energy'through.fir^. 
By learmngf how to use tViis basic ^ 
chemical reaction, he became thfe 
only ^speci^ capable of con- 
. trolling \\s? own environment. 
Later cani^ agr^culture, .the 
dorrrestication of animals, and the 
harnessing of the kinetic energy, * 
of ^irfds and falling water, hiiis. 
*windfnills, and water wheels. 

For 1 several centuries, tvyo kinds 
of renewable energy sources- 
wind arid water— and two kinds 
of nonrenewable sources (which 
m*ust * have seemed infinitely 
renewable to early users)^woqd 
and coal— vied as^ the/ majojr, • 
producers* of mechanical work 
output for civilized maa But the 
scales became weighted toward 
coal when the\ steam enQine 
came into ^eing ^00 "years ago. 
(Fittingly, two of the first major 
uses of the steam*^ngii^ were to 
pump wate^F from c6'af mines and 
to transport trainloads of coal to 
factories.) Wind power had its * 
last great days rn the 19th certv 
tury, before the cortjpletion of the 
Panama-^Ganal, when clipper 
•d^^^^i''cn?ght cacgos arouod^ tfee 
i\p of South Amehca. 

In the Ur^ted States, as wood 
\fiias -used up and an expanding* 
population began to demand in- 
dustrial products, the change to 
fossil fuels— though later than iq 
Ew'rope — occu r/gd at an 
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; accelerated rate In 1850. coal 
accounted for oftly 10 percent of 
American fueTJ consumption, 
wood foe 90 perceht. But/ by 
1 885,. co^ passed wood, aqcl^byT 
1910, the Situation of 185o'was' 
feverse'd.coal 90 percent, wood 
lOjpercent Afte> V^orld Wee I 
* petroleum was twice as impor- 
tant- as "wood, though coal was 
sill! predominant 8ut, by* 1946, 
the, petfoleuro fuels began to out- 
rank coal' 

Known for centuries ai a product 
otoil seeps oozing direttly from 
the ground fn a few part5 of the 

\' worJd, oil was first obtained by' 
drilhng in Pennsylvania in 1B59. 
Fpr hundreds of years it had 
relatively minor use for lighting 
and heating, but major use in 
transportation began around 
1900 Some ^25 years ago, 
geologists ^ound evidence of 
large deposits of oil just off the 
coasts of some land^. ^nder the 
oeean and under what is called 
the fcontin6ntal shelf Offshore- 
Oil. drilling offers the^ major hope 
fDr finding new oiL to replace 
diminishing supplies today, ^But 
offshore drilling is costly and sub- 
ject to the possibilities of leakage 
which can pollute beach areas. 

• Nor IS rt . easy to. extract oil 
wherever it is found. (The - 
'^gushfers** so of te>K pictured are 
the rare exception t6 the normal 
recovery procesfe.) 

Oil does not occur m large reser- 
. voirs underground, but rather it i^ 
founcf m* the interstices of sand 
and rocV It is held there so firmly 
that often no more than a tenth 
^ of It will come to the surface un- 
aided . by pressure. Frequently, 
«ven pumpmg 4S TJot -enpugh 
^ because oil is so viscous and the 
.^rocK is relatively non-porous. 
Even with best available * 
technologies, only about a third 
of the Oil m ,ai^ jfield may be - 
recovered When water flooding. 



gas injections, and ui^^r^round 
.combustion are use^d. the 
regoviery may be as higjh as 70 
vpercent-, but^ such high-cost 
processes may not be i\jstifiecl. 
The law price of oil has led 'to 
wa^te and has discouraged ex 
plor^tion for nevv supplies; 

Natural gas— previously wasted— 
b^an Its popularity rn the 1940*s' 
with the completion o^* pipelines 
linking gas/fjelds with user cities. 
For • two ^Sbades begin mngp in 
1 940, the corisumption of natural 
gas increased at an. average rate . 
of 6.6 pe/cent a year, /rfepre- 
senting nearly two-thjrds*of the 
growth in the country's energy, 
production. Gas is^clean/and it 
was cheap, with* prices held 
down by Federal regulations. In 
the early 1970*s, natural gas 
powered 43. percent of industry 
and heated and/or coolfed-^he 
homes' of T50 million Ameri(?l3ns. 
Recent Federal regulatipn 
changes have encouraged khe 
development of natural gas 
resources by Specifying higher 
rates fdr gas from "r^ew** w4lls 
than frorn "old" wells, but 
because consumption is so great, , 
Our gas reserves have an even 
shorter ^ife expectancy than .our 
Oil reserves. ' ' --^"^ 

Though available since the 
American continent was settfe'd, 
coal still presents problem^ !in 
mining *and explcytatipn. ''Abc|ut 
300 million tons -of coal e^h 
year, half of U*S. J8rQduc\||rt, 
come from deep undergroiihd 
mmm^. But deef) mining JiS 
declining because of jcosts, pb 
hazards, and poor working con - 
ditions. The other half of Uni^e^ 
StateSc production of coal corn|^ 
from strip mining, and ,this ASff 
musi increase if we are to 
coal to fill the energy gap*, 
s^txip mining has well known, . ^ 
.vironmehtal problems. Apot^ 
difficulty i^4hat dur coal resefm. 



which\ are\ lovv sulfjjr he 
predomm^nwy m thQ west, away 
.from* centers of, popu^orv 
Although companies arejworking 
on antipollution measures, 
technology has not yet found an 
econorarcal way to remove the 
sulfur frpm higrf-sulfur coa( 
before it isiDurned. ' , 

Coal is the only major fos)sil,fuQ| 
which coulcT be utilized* more 

* cbrtipletely iq^he .United Sjtates 
No industry ha^a greater oppor- 

• tunUy to respomijojbe^ergy 
problen). We h&ve 20 percent of 

♦ the world's supply; in *fact 
percent of all our fossil fue 
reserves are in the form of coal 
deposjts. VVealso^have relatively 
large deposits^ oij shale; but ex- 
tracting the oil presents major 
problems of cost and en- 
viVbnmental. disruption, 

c 

.At the beginning of the 20.th cen- 
.tuty, coal supplied abput 90 per- 
cent of the nonrenewable, in- 
animate energy in theo United 
States Since ' that time, , cogi 
pro^duction has remained rela- 
tively constant but coaKs share of 
' ^ the energy budget has dropped 
drastically^ Meanwhile, oil ^d 
natural gas have changed places 
yvith coal. ' . 

Som*e 77^perc0nt of IJniteiJ States 
I energy now comes from oil and 

* natural gas, and reasons for thls^ 
are not*^a*rci to find. Petroleum 
fluids are ^easier to handle. and 

«use than coal solids, pai;ticularly * 
for cars and othet mobile com- 
bustion sources. Our massive 
tj^Igh-Rf essure gas pipeline 
netwgV^ makes ojatur^ gas* 
available in most homes, ^gas 
heating units are' clean, C9n 

* vement and inexpensive. Oil Is 
the* v.ersatile source of a wide 

anety af liquid fuels and 
•chemtcafs, and it is relatively 
easy to remove polluting ^ulfur 




from oiJ Even with price ii^ 
creases at the pump, gasoline Is 
still fafrly cheap During the 10 
years prior to the time" of the Arab 
oil embargo Of. 1973, gasoline 
, prices increased consrderably 
less than half as much as prices 
for other consumer iterhs 

On the horizon are ways of syn- 
. thesizmg gas and liquid, fuels 
from coal, of converting un- 
dergrpund cbal''deposits to gas 
without mining them first 
Twenty years ago gas made from 
coal, was widely used m the Un- 
. ^ited States, and the "gas woj-ks" 
witif Its huge expanding storage 
- tank^was^a prominent (.though not 
particularly - attractive) feature, in 
the urban landscajje. The cpal 
gasifiec.6f 20 years."a5o,.origmally 
developed in Germany, is-still the* 
only pne^on the' market. Caught 
napping because of our apparent^ 
abundance of natural gas,- we 
" have neglected research in coal 
gasification. Only recently have 
. we begun to mend our'ways. And 
the potential " is there, providing 
we are willing to pay for' it. Gas- 
ification may tjltimatfely create 
the biggest new market for coal. 
> - > 

, In Ohio, the energy source pic- 
ture differs Somewhat .from the 
national picture. We are* for- > 
tunate in having abundant coal at 
a time .when petroleum and 
natufi^l g&s are in short supply, : 
^ut most of Ohio's coa^ is high in 
sulfur content, and 'much of it is 
economically -exti-actafile only^by 
strip mining. ' ^ 

While 'only two percent of the 4 
nation's known recoverable^ooal 
reserves are in Ohio, ."Wis 
amounj^ to^m&i^e than 20 bifiton 
'tons of bituminous coal. Ohio 
supplies roughly -10 percent of 
the natiQo s coal artd Qonsumes- 
more- coal \han any oth^r state. 
Coal satisfies more than 40 per- ■ 
cent of. Ohio's energy heeds, far 



more than the national average, 
sijpplvmg 95 percent of the fuel 
ior generating lelectricity in the , 
state 

Ohio us^s about the, same 
^jercentage of natural gas for fts 
energy needs as do most other 
%tates— about 31 percent— but 
can supply-only about seven p^r- ' 
cent of Its needs. Importing the 
remainder from other- states. 
Roughly 60 percent of the natural 
gas (s used for residential pur-"* 
poses and 40- perci^ent for 
mdi^stry \ - , 

* 

The remainder of^Ohio's energy 
needs are met ^\ih oif,"&5 per- 
cent 8f which IS imported from 



. other states or Supplied hy com* 
panies which' rely heavily on 
foreign supplrers. Ohio's use of. 
^ oil, 'which IS considerably below 
the national average, is -mainly 
^ for transportation. ^ ^; 

C&io's annual cohsumpii^on .of 
erectricity exceeds 106 billion 
^ kilowatt hours, placing the state 
thirct in electric power consump- 
tion, behind -only Califorma and 
Texas In 'residentiaf consumption 
of efectricity, Ohio (with 26 billiort 
kilowatts), ranl^s" sixth, .behind 
Cal(forni\a, -Tej^as/Tlorida, l^few 
. York and Pennsylvania. In com- 
mercial and industrial consttmp- 
.tion, Ohio (77 bilhqn kilowatts) . 
ranks thtrd, behind California and 
Texas. 



Consumption of Fuel5 in Ohia (19*^14 




shaded areas indicate portions, of Oh«o.fu9l consumption whrch could be 
supplied by the^^state's resources, assumrng pretew levels qf production 
{less4haTt^7 percent each /or natural gas a'od oil. 100 percent, for coal). 

^Source U S.'Oepartment of the* Interior^ , - * . 
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Less than 10 percent of this, 
country's energy consumption is 
presently supplied by three non 
fossif fuels hydropower — 3 
renewable, continuous source, 
wood— a questionab!\r renewable 
one and nuclear fission— a non 
renewable, highly controversial 
one ^uch renewable sources as 
wind power and solar heating are 
as old as civilization Their pres- 
ent' use IS minimal but their 
■potential is 'great {They will be 
dealt with in the next chapter ) 

s 

Why we have changed from one 
energy source to another is an m-. 
terestmg topic for discussion and 
speculation His*torically, we owe 
much of our progress to thi trap- 
sition from animate, energy 
sources (horses, human backs) to 
nonrenewable inanimate^ ones. 
Coal replaced wood because it ' 
was a* more efficient fuel and 
because wood was becoming 
scarce* Petroleum replaced 
coal— every though substantial 
reserves of coal remain—largely 
because it. is easier to use. In 
these processes, v\iind and water 
povver were sidetracked. Water 
power reci5ived some erftphasis 
for generating hydroelectrioity, 
but the lack of avail^bilfty of sites 
Tor Jhydrbelectric/ power stations 
imposed a realistic limit. Man 
lacked the incentive to develop 
wind power' {considered an un- 
reliable source) beyond its early 
application to windmills 

What will the trend be at the 
beginning of the 21st century— 
vihen today's students will have 
been making the decisions about 
fueling America? 

Energy may be obtained from the 
hot interior ^f the earth Geother- 
mal energy is largely untapped 
and addrtronal research is needed 
to* determine how this source . 
mH^ relieve the shortage. 



The movement of water has long 
been a 'tiseful* energy source. * 
Although its use m an earhy day 
was readily apparent in gnst mills 
locatecj by rivefs, it ha9» never 
provided more than four percent 
o*f our needs even as f>ydropower 
At feome fatur'e date, water may 
be a more useful Source In- . 
vestigations are being conducted 
to determine the feasibilfty of ex- 
tracting 'large amounts of energy, 
from ocean waves * 

Shale comprises' a resource base ' 
for oil extraction D&postts are 
mostly located in government 
lands m Colorado and Wyoming, 
these areas may prove of value m 
the search for additional oiK 

r 

The nuclear source of energy is 
^ of Significance in part because 
'this nation has the greatest .lo^- 
cost uranium reserve in* th^ free 
world Extraction of this source IS 
costly and the by-products'of its 
use create a cusposal problem. 



but Its availability in large 
^mounts will compel further in- 
vestigation of, nuclear energy s 
potential to help alleviate the 
shortage Potentially, tber- 
monucl^ar fusit)n has an almost 
hmitl^s fueJ .supply— -hydrogen. 
But there must be a major scien- 
tific, breakthrough before fusion 
power can be .considered 
seriously 

* '« ' . • • * 

For the short term, our reliance 
, would $eem to be on oif and gas. 
For ^he Idng'terpn, we will be 
loofcupg to coal and atomrc power. 
With, lax'ge * United States 
rfeserves,..6ogl* would appear to 
see tlrrouah the first quarter of 
the .next century. Forany.Jasting 
relief, we must hope that prac- 
tical- means can be found lb taA 
hydropoyver, •;.sol^r radiation, 
winds, fides., and. geothermal 
s6urces"ba a large scale.* In thp 
immediate future,, the hbpe for 
alleviating^ shortages lies vvtth 
reducing demand.. . - * 



United States Energy Co/isumptioQ 
by Source— Mfd-1 973* ^ ^ . 
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MAJOR ENERGY SOURCES 





1 / 
1 I 


PETROLEUM 


NATURAL GAS* 


COAL 


• 


jComposmdn/ 
j . Origin 

r ^ <' 
1 ^ 

1 ' ' 
1 ' ' 

j-""C 


4 

Hydrdgen and carbon 
formed from tiny marine 
organisms and plaqt 
matter buried under 
ancient seas, under great " 
pressured" 

• 


Methane; petroleum (natural 
gas liquids are also formed). 
May "be liquefied at cost for 
easier transportation by 
tanker, truck. 


Varied composition - 
>mostly carbon, some 

. hydrogen, varying amounts 
of sulfur; formed from 
plant remains buried 
under ancient lakes and ' 

' bogs under great pres- 
sure; three types, of in- 
creasing age and hardness, 
are lignite, bituminous, 
and anthracite. 




Location 
* 


Underground '^'reser- 
. vofrs", petroleum 
trapped in interstices 
of sand and rock, , 
largely Texas, Okla- 
homa; off-shore under 
Continental. Shelf 
(Louisiana, Texas, . 
southern California). 
Large untapped 
deposits in northern ■ 
Alaska. 


One-balf is found wherever 
petroleum is found and 
one-half is found in under- * 
Ground rock fponpripllw 
southwestern and south 
central states). Forms "cap" 
• on petroleum deposits and*^ 
^ provides pressure to aid 
. petroleum extraction.* 

m 


At varying depths from 
just under surface ta far 
underground; found in 
^/ States. 


• 


Extraction/ 
Conversion 

• 


» 

Wells drilled up to 
25,000 feet depth; 15% 
of reservoir "of petroleum 
rises to surface because 
of underground gas- and 
water pressure; pumps 
remove 15% more; 

another 20% may be 
recovered but at a much 
higher cost. Crude \ 
petroleum is refined 
tfirough separation into 
Tractions at ditierent 
•boiling points. From^ 

^ chemical nrK)dificatioas 

' and blending of 'die 

fractions, products are 

givfin the desired 

characteristics. 
• 

e : 


< 

Rerppved by wells; rises to ' 
surface under pressure;* 
soyn6 is found with petro- 
leum; some is found alone. 
Natural gas is treated to 
remove heavy hydro- 
carbons and hydrogen 
sulfide, which can be used 
by the petroleum and 
petrochemical industries. 


0 Underground mines 
! {only half of coal in a 
deposit i^ recovered) and 
. stri^ and open-pit^mining 
wrf^ere•surf^ce earth is ^ 
removed and coal cut 
and shoveled out by 
•machine. 

Sizing, wa^ing'and clean- 
ing for traditional com- 
bustion uses. Conversion 
to synthetic natural gas and 
; liquefaction by treatment • 
v^'th hydrogen are in the 
demonstration stage. 

* 
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, MAJOR ENERGY SOURCES (Continued) . 

« 





PETROLEUM ^ 


! . NATURAL GAS 


COAL 


Uses 


* 60% transportation 
(largely refined as gaso- , 
line, diesel'fuel), 20% 
residential/commercial 
heating, 10% electrical 
generation. 


^5% industrial fuet 35% 
commercial hedting, 10% 
electrical generation.^ 

« 


« 

65% electrical^generatior\ 
30% industrial. 

• 


Advantages 


, Easy to use, store and 
transport; idea! fuel 
for transportation 
industry. 


Cheap, clean, easy to 
transport 


Cheap, large reserve, 
Appalachian sources close 
to large markets. 


Disadvantages 


Domestic supply has 
declined in recent years; 
increase in usage re- 
quires increased foreign 
exchange^ refining of 
high sulfur crude can 
cause pollution. 

1 * c 


Oifficyltjto store, increas- 
ingly in short supply. 

• 

* 


Expensive to transport. 
Ash disposal and fly ash ' 
out of the st3ck cause 
pollution. Combustion 
of high-sulfur coal re- 
leases sulfur dioxide. 
Low sulfur western coal 
is distant from targe 
markets. Underground 
mining is a hazardous 
operation unless elaborate 
precautions are taken. 
Surface mining (strip 
mining) causes environ- 
mental problems unless 
expensive reclamation is 
undertaken. 

- 4 

• 


• 

/ 


• 

• 

• 


4 

• 

» 


« 
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MINOR ENERGY SOURCES ^ 



HYDROPOWER 



NUCLEAR FISSION 



WOOD 



Composition/ 
" Origin • 



Water impounded in 
dams; tidal water area 
potential resource. 



Uranium and thorium ores. 



^ Trees, wood waste; agrj- 
cultural waste. 



Location 



Often in r6moie and 
mountainous areas. 



Ores are found in Colorado 
Basin, Canada, South 
Africa, Zaire, India, 



Areas often remote from 
large population centers. 



Extraction/ 
'Conversion 

V 



Uses 



Water turns turbines 
producing electrical 
energy. (Virtually all 
hydropower is con- 
verted to electricity.) 



100% electrical 
generation. 



Chemical processing con- ^ 
centrat^ 0^- enrichment 
of desired isotopes by 
physical means, e.g., 
gaseous diffusion. In 
nuclear reaction, nuclei 
of heavy atoms of 
"fissionable" isotope are 
bombarded by neutrons 
causing nuclei to ^lit, 
converting the matter to 
great quantities of heat 
Fission of-one atom re- 
leases neutrons causing a 
chain reaction, splitting* 
other atofffS in a con- 
trolled process. Turns 
water to steam to drive 
turbines and produce 
electricity. ^ ' ^ 



Trees are grown, felled 
and collected at wood or 
crop' processing centers. 
Bumed for heating and 
cooking in some places. 



100% electrical generation. 



50% heating horqes 
50% industrial (scrap) 
34 millipn cord in 1975 



Rir 
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MINOR ENERGY SOURCES '(Continued) 



HYDROPOWER NUCLEAR 1=ISSI0N WOOD 



• 

Advantage? 
• 


Efficient Jitt|e waste 
heat, inexpensive, renew- 
able«€nergy; may be 
.coDserve^j through ftump 
storage; environmental 

' effects general ly"slight; 

' reservoirs may enhance 
recreational value of 
area. ' 


I 

Heatjvalue of one ounce, of 
U235 equal to 388 barrels 
of petroleum. Very rapidly 
growing as an energy source 
the "energy source of. the 
. future" 

ft 


J 

Availability, wood is 
renewable, given time 
to grow nfew forests. 

if 


Disadvantages 

A 

1 

• 

• * 


High capttal construe 
tion costs; requires 
very special location, 
few good sites remain; 
may flood tend better 
' used for other purposes 
(agriculture); evapora- 
tion rate high in arid 
lands. 

• 

0 

• • 

A 
t 


Controversy over harmful 
effects of radiation leakage * 
into surrounding area from 
unlike)y, but still* po^ble, 
accident; possible leakage 
from radioactive wistes; 
the common "light-water . 
reactor"^ requires large 
quantities of water, for » 
coolings— recycling water 
into lakes or rivers may - 
result in thermal polio- . 
tion. U 235 is scarce — 
new breeder reactors , 
'may alleviate 'problem. 


Low heat value per unit 
^ volume; non-fuel uses 
more important; only ' 
practical in certain 
locations. 

• 

ft " 

• 

• 



-ENERGY SOURCES FOR THE FUTURE 





SOURCE 


HOW CONVERTED 


COMMENT 




(Fossfl Fuels) , 








Oil Shale ^ 

• 


^•A sedimentary rock v^hich contains 
^ Vkerogen-', a substance that, when 
'heated, yields shale oil; would 
rrkelyi:)e'used as substitute for oil. 

1 . ' • 

i 


, Present in huge quantities in Rocky 
Mountain states (estimates from 600 
billion to 3 trillion barrels of oi|}. 
Adverse environmental effects of ex- 
;raction by open-pit mining. Large * 
quantities of shale required for small 
yield of 611 (one ton of shale yields 
30 gallons or less petroleum). Problem 
of waste disposal 




1 Of osnos 

• 


Contain extractable petroleum 
substance. 

o 


Large -deposits only in remote areas. 
Major supply in North America in 
i> Athabaska, Canada, frozen and difficult 
to extract and transport 




Coal Ge$ift:3tion 

i 


Coal reacted with ctp»m fAifnuucM-i 
by further processing p!roduces 
synthetic natural gas (SNG). 

* 


U)ai IS plentiful, but the* cost of proof- 
ing pfants is great ($500^00 mUlion). 
SNG is a clean and desirable fuel. Ne\y 
coal mines* are needed. 




> 

• 


* 

f 

• 
• 

* - 

• 


» * 

• • 

• • * 
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ENERGY.SOURCES FOR THE FUTURE (Continued) 



SOUBCE 


'ftOW CONVERTED " 


GOMMEfft 


(Natural 
Cpntinuous 
Sources) - 


• • 


V 

> 


Geothermal ^ 
✓ 

« 

* * • 

• * 


Natural steam underground rises 
to surface with enough force to 
drive turbogenerators fer electricity, ' 

> 

A ■ • 

*• 


Clean, inexpensive energy. Used in . 
Italy, Iceland, Jap.an, New Zealand, in 
* the U. S. at the Geysers near Sari 
Francisco and California's Imperial 
Valley, vwth potential sites tiiroughout 
western United States, Little natural 
steam exists undei^round. However, 
much heat rn underground rock layers 
could be tapped by pumping cool water 
down to the rocks and retrieving heated 
water. Limited |o local use in a few 
favorable locations. Problem of brine 
deposits clogging and corroding pipes. 
^Surface pollution problem from New 
Zealand undei^round v/aters. 


Solar 


Collectors over a vast area focus 
sun's rays on a liquid which can 
conduct th? heat to an electrical 
generating pl^t; or solar cells 
over va^ area convert sunlight 
directly to electricity. S{>ace 
heating. 

• • 


• * • 
An immense energy source. . Little 
environmental effect except that large 
^ amounts of open ^ace would likely 
have to be devoted to collectors to 
gather the diffuse energy of sunlight 
Location would seem restricted to 
areas ofgi^t sunli^t far from popu- 
lation <:er>ters in this country {drawback 
because of extent to which electricity 
is dissipated during transmission).* At 
present, rnost important in home heat- 
ing and water heating in specially 
designed houses. 


Tidal 


c 

^ame principles as conyentionaf - 
hydropower - rise and fall qf 
tides rotate turbines to generate 
* electricity. # \ * 

• 

* 


Very*efficient Requires very fecial 
locations; few exist in North America, 
and those that do, such as the coasts 
of Maine and Alaska, are remote froiji - 
population centers. Difficult to make 
energy supply continuous. 



J- 
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ENERGY SOURCES FOR THE FUTURE (Continued) 



SOURCE 


HOW CONVERTED 


COMMENT 


Wind" 


T ^ ^ 

Same principles as hydropovver - 
^ lunning air pnopeis turoine to 
generate electricity. . 
• 

> 

X 


Clean, neat, inexpensive. Very efficient. 
Location important — proposals 
' generally for windmills on platform's in 
^ Great Lakes or on Atlantic Ocean. 
Better as local source in certain 
conducive areas. Sufficient wind • 
for continuoj^s generation unlikely. 


(Other Sources) 






Hydrogen 

> 


Burning hydrogen for heating as 
wiui naiurai gas. 


Most abundant element in universe, 
although extraction of hydrogen from 
compounds can be costly. Reactions 
between liquid hydrogen and liquid . 
oxygen powered NASA rockets. Clean - 
only waste product is water. Draw- 
backs - dangerous to handle; one-half 
the energy content per volume of ■ 
natural gas. 


Fuel Cells 

t 


* 

Battery-like, portable electric 
generators produce djrrent from 
reaction of hyoirpgen and oxygen. 


.* Little pollution,,no noise, much more 
efficient in generating electrk:ity than 
conventional generators. [Jrawback - 
very costly because of short life. Have 
been u^ only in space program. 


X 

Magneto- • 

n y Q ro uyna rn I cs 
(MHO) 


Converts heat from combustion 
gases from coal directly to 
ejectrfcity by passing gases through 
magnetic field. coal as 
starter fuel. Represents new kind <, 
of generator converter. ^ ^ 
^^^^ 


As an akentatlve to conventional coal- 
fueled pQjver plants, MHD eliminates 
most fflr pollution, requires less fuel, 
is times as efficient (very little waste 
heat). At present many- technical ^ 
problems and little support for research. 
More research being done in USSR 

and Japan than in U. Sv 
• 
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ENERGY SOURCES FOR THE FUTURE (Continued) 



SOURCE 


^ HOW CONVERTED 


CX)MMENT 


Burning of Trash 


Bumjng combustible trgsh, in mix- 
ture with coal or other fuel, to 
power electric generator 


Cheap, readily available fuel. Conven- 
tional combustible garbage possesses 

^0% nf nntPntial hpat onoi "Qn 
>J\J fO \J\ i^ukciitidi iicdv Ui COoi. OOlVeS 

garbage disposal problem. Although . 
the air pollution prcrblem remains, the 
waste disposal problem. is alleviated. 
City of St. Louis currently getting 
some electricity from power plants 
fueled by garbage and coal. Trash 
must be carefully sorted. 


Nuclear Fission 
(breeder 
reactor) 


Uses U235 as "starter^'^to bom- 
bard surrounding atoms of non- 't 
fissionable U238 and convert * 
it4o Plutonium 239 wh^eh is 
fissionable, "creating" fno^e 
starter, . / 


Uses less scarce U235 than, nrp^nt llnht. 
water reactors. Some plutonium is 
produced directly in light-water reactors. 
Is copied by liquid sodium (difficult to 
handle). Possibility of accident, especi- 
ally during transportation of wastes, 
more of a concern with plutonium than 
with uranium, Technologfcal difficulties. 


Thermonuclear 
Fusion 


Fusion of atoms of hydro^n 
to form heavier atoms of 
helium under extrei^pely high 
temperatures (100 million 
degrees C) in a controlleql 
reactiqn (as opposed tathe 
uRfontrolPed' fusion reaction 
of a hydrogen bomb.)' 

• * • /• 


Hydrogen 1s v6ry abundant Ordinary 
seawater could be used as source of 
fuel. Very efficient reaction. Re- 
, leased only small amounts of radio- • 
activity. Hov^ver, it is technologically 
very, difficult to achieve a controlled 
reaction at present levels of technology 
and knowledge. 
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Ohio Coal Producing Areas 
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COAL-BEARING OEPO^ 

PRtNpPAL COAL 
PROOUCtNG AREAS - c 



Source; Ohio Chamber o? Commerce. 
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SEARCHING FOR SOLUTIONS 

* * 

^ A? America sejs/rs to beq6me energy self-sufficient once again, we 
develop new sources ranging from better nuclear .power 
generators to f^uge solar collectors, ^ut the lack of time compels 
us to co/iserve and recycle the energy resources that we can use 
today . . \ not in the next century. 



QUESTIONS TO GUIDE YOUR REAOFNG 

. ' ' ' ' 

What happened in November, 1 970, that gave us cause to worry 
about our future oil supply? . ' ' \ 

r 

'By 1972, what fraction of bur U.S. oil heritage of 200 billion 
barrels was gone? 

i 

. What percentage of known petroleum reserves is located in the 
Middle East? . ■ ] 

. 1 ' 

How many million tons of trash, potentially burnable in power 
plants, do Americans throw away each year? . > | 

Newspapers, potentially, are good candidates for recycling. What' 
are two reasons. why this isn't done mdre widely? 

What factor will encourage the development of neW energy 
resources? V " 

What is the government program, for national energy self- 
sufficiency called? \ 
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SEARCHING FOR SOLuf IONS 



In 1972, Representative Chet. 
Holifield of CalifoVnia said, "Whai, 
4his country needs' to dramatize. 
. our energy crilis is a good 24- 
hour' blackout/^ 
♦ 

We've come a long way since 
then, and there are few of us 
who do not realize that conserv- 
ing energy and our country's 
future aft ^ inexorably related 
Some'oi us even have stopped 
complaining about driving 55. 
mpfh'to save gasoline! But, lest* 
C^e become panic stricken, ihis is 
a time also for concrete solutions 
rather than desperate measures. 

Oil and' natural gas became the 
most widely used fossil fuels in 
the United States because we 
drew on our own resources, not 
those in the Middle East. In fact, 
we may remember, the prophets 
o^doom some years ago, who 
kept saying that tfile United States 
was running out of oil. Yet, new,- 
deposits were constantly dis- 
covered and the future somehow 
was pushed b^k. 

All of this came to a halt in 
November. 1 970,^ when the rate 
at* which we were finding 
doniestic.oil reserves failed for 
the lirst time, to exceed x\\e rate- 
at which we were consuming oil 
From that time on, the known 
reserves have declined steadrly; 
we h ave inc>eased ohx 
det)endence on o'il'imports, which 
have tripled in the last 25 years. 
By f972, about half of our knov\m 
oil heritage^ of 200 billion barrels 
was gone, and the rest was 
becoming increasingly hard to 
get 

Oil imports increased, we 
became more dependent on 



foreign reserves, joining|Aie 

nations of Western- Eyrope 
whose petroleum reserves are 
considerably Smaller than ours. 
We turned to -the Middle East, 
source of 53 percent of Known ' 
petr'oleum reserves, as vyell as to 
Latin America, which traditionally 
had made up our oil deficits. The 
activities of the oil cartel and the 
effects on pur foreign trade and 
balance of payments are well 
known. As a result,^ the gbvern- 
ment, through Project .In- 
dependence, .has opted for 
national energy self-sufficiency 
by 1985. This project is a 
blueprint outlining the ^ize and 
shape of our .problem and 
redommending self-sufficiency as 
a national goal. 

It is hoped by 1985 that it will, 
make economic sense ta "buy 
American.". By that time, we jnay 
have curbed o^ur energy appetite, 
which by 1^70 was doubling 
every 10 years. We maV also 
have developed new energy 
sources through research and 
better .utilization of traditional 
sources such as coaL 

Several treods. justify cautious 
optimis^ We hav% realized Jthat 
the erTvi(w»ment is fragile and in 
ft some assets irreplaceable^ and 
technologies are being developed 
to harvest energy resources 
without as high an environmental ' 
cbst as has been paid in the past. 
Technology is ^Iso advancing in 
the field of recycling, 'in order to ^ 
lengthen the life dwindling ' 
resources. Research is progress- 
ing on severel fronts to harliess 
the energy of renewable sources 
such as wind, sun and^ides. 
Higher fuel prices are furnfehing 
incentive to explore and develop 



sources and converslbn 
techniques. 

Economic incentives, probably in 
the form of higher prices, will en- 
courage searches ^or new 
deposits and promote further 
development of present ones. 
5uch economic incentives will 
also spur effort^ to improve refin- 
ing and electncity transmission 
methods to cut doyvn on energy 
losses. 

However, these efforts vCrill not 
alleviafte the central cfroblem, ■ 
They will simply help us use our 
finite fossil fuel supply nore ef- 
ficiently. Increased' funclmg for 
research and develooment *of 
alternative source;^ will be 
needed to, bring aliout the day 
when^ey are vi^le sources. 

Surface mining companies can^ 
and da make efforts to restore 
mined lands to. their former 
usefulness. Methods can be^ 
found for removing sulfur from 
coal; the key is to find a method 
that' is economically feasible^. 
Automobiles can be designed , 
.with smaller, more efficient ^ 
engines. 

Many things are being done to 
improve our extraction and con- 
version of energy sources *so as 
to increase -supply and-lessen the 
environmental co^^More/ could 
be done. They are tShnologically^ 
possible, and they wrll be prac-; 
ticed increasingly as there is * 
economic benefit to b$ gamed 
from them in terms of added 
profits or penalties avoided. 

Recycling is a key to extending* 
our present resources untit alter- 
native energy sources can be 
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made workable Recycling in- 
cludes Both the i^overy and 
reuse of natural resources, and 

• extenWng the life of products. 
Kere, too, a unite.d effort is re- 
quired The student must be 
helped to. understand that each of 
us can - make an important' con- 
tribution if we live'conservatively 
and keep doing so. IVIeaningful" 
recycling must go far beyond 
two-week science project or'thp 
occasional paper drive; We must 
start at home in .an unglamorous 
way by using up what we have or 
wearing it out. 

Ohioans can be proud of the 
steps toward recyclmg already 
taking place in our state Many 
city governments are considering 
the possibilities for burning 
wastes to supply -fjpwer. At 
Frfenkim, Ohio, there 'is an ex- 
perimental tota/ waste recyclfng 
plant, potentially capable of 
processing nearly all of the com- 
. munity's wastes for reuse. 

Each year American? throw dway 
125 million tons of trash, poten- 
tially burnable in power plants. 
■ Yet, the plants to burrt this 'tra§h 
must be highly sophisticated,' 
capable of removing air pollu- 

• tants and operating with a variety 
of fuels, the wastes must" be 
collected and brought, to the 
plants in large enough quantities 
to make the processes economic. 

Many of us save old newspapers 
for recycling, but here also are 
constraints. "Large quantities of 
water, which may become pol- 
lutecl, are required for recycling 
paper pulp. And high freight rates 
make it costly to bring newsprint 
to a recycling plant even though 
it may' cost less to make paper 
from recycled stock than from * 
wotxJ. 

In many areas our old auto- 
mobiles* and other metal scrap 
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are being almost totally reoy 
Yet there still are pro^ertj^^i^n 
getting the scrap into size^j^ 
forms in which it c^n be uti^ed. 
Burning the nonmetal parts^feild 
automobiles is 'highly poffg|hg, 
removing the copper wir^^^ffom' 
junked cars takes tim§rf Big 
machines can chop steel^rap 
jnto bite-sized * chunk:?^:: for 
reprocessing, but these maf^^'^s 
require considerable energj^' 

There are many approao^eS to 
new thinking and better conver- 
sion methods for recyclirigYbettej; 
ways of handling wastes at. home 
and in industry and at all libels of 
the recycling, proce^. Has 
anyone ever thought of designing 
automobiles which, in addition t9 
using gas more efficfently,can be 
recycled more easily? Questions , 
(ike this are ^ good discussion 
starters for all grade Ijefels. How 
can "tin" cans be recycled? What 
provisions cloes your cpmmunity 
, have for recycling glass? How can 
we get more use from >ooks and 
magazines? - 1 

As IS true for environmental 
safeguards/ the technology of 
recycling^ is, as yet, far ahead of 
the^capacity of most ct5m|nunities 
to p/actice it on a significant 
level. One estimate i^hat large- 
scale adoption^ o^^^unicipal 
resource recovery" $ystems is 1Q 
years away. Most present sys- 
tems consist of some combina- 
tion of .shredders,, grinders, 
'scanners,^ screens, and electro- 
magnets to break dovvn and soi:l ; 
out ferrous metals, aluminum/X 
glass, combustible and noncom- ^; 
busti|)le garbs^ge. Some 
demoristration ^)lants are / 
developing the capability to yield ; 
fuel oil as well. ■ ' 

The ecortomics of large-scale 
recycling pose more problems 
than the technology. In addition 
to a sizable investmenHn equip- 
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ment, recycling centers m^ find, 
markets for the sorted scrap. The 
overriding economics, however, 
may well be the savings in 
energy as well as raw irratenals. 
Recycling paper and steql re- 
quires 70 percent 'less energy 
than- manufacturing with new 
materials. 

'Although today's energy situation 
IS serious and the forecast is a 
challenge for survival, there is 
anothei^ side to our energy 
problems. Out belated realization 
'that fossil fuels are finite may 
prompt a reversal in our energy 
use patterns from spendthrift to 
more thoughtful use. And the 
change may come. "Soon enough 
to give us a margin of time in 
which to find other sources, other 
use patterns. 



CONSERVATION; AN ETHIC FOR EVERYONE 



We know we can work together for a common-goat if we believe in 
it. The challenge is (o make energy conservation a common ex- 
perience that we all can share directly. ' 



QUESTIONS TOmnpE YOUR READING . 

What should you look for when your students complin they are- 
cold in a heated classroom? . 



You and your stucjents are planning, a field, trip, andy<5u wTll be 
away from' your cfassroom for" the entire day. Tarnmg outtbe room 
lights and. turning do\^n the thermostats-are two. possible energy 
conservation measures for .your class. Can you suggest others for- 
the field trip? 



■ ^ 

In past history; when a society ran out oienergy, what could it.do? 

» ■ ■ " . 

Why can't we do this. today? \^ * 



COIVrSERVATJON: AN ETHIC 
. FOR EVERYONE . 



^ We've seen the story over and 
oy^r again in the movies ^nd on 
television A group of people in a 
lifeboat have only a little food and 
^ water They divide up the supply, 
* and each one. takes just enough. 
For days they survive, and just at 
the last minute they are rescaed. 
T^^is IS a simplistic, illustration, 
but time and time again history 
Has demonstrated that people 
Wflf practice conservation and 
work together for the common 
good, providing they realize that 
. they all are in the same boat. It is 
our job to make this realization 
meaningful to oor studehts. Con 
servatioh is not just what one 
does somewhere else, out in the 
forests of the American West. 

Sof^e conservation mejBSures are 
being imposed on us* from the 
outside 'We must pay njofe fof 

^ luxuries, §o we consume less of 
them ajid, thereby, we savte, 
ener^. We must remember that ' 
society also is responsible for 
finding new and meaningful wori^ 
^or the people vyho formerly made 
these* products Higher prices in- 
evitably will slow down energy 
demands, but in the torig run 
energy . conservation— and* lour 
verv quality of life— must depend 

' on Our practice, together, of an 
energy conservation ethic. Uke 
the environmental ethic already 
practiced in our-schools, this new 
energy ethic must be wfth us 
constantly, interpreted^n a way 
that makes us understand our 
needs and wants in the context of 
the >yorld arouncJ us. We must all 
* overcome the attitude that, if we 
can afford n, we should be able to. 
use It- This attitude does rtothlng 



to solve the energy waste and 
, conservation problem. Perhaps 
viewing conservation as energy 
insurance would help change at- 
titudes and stimulate positive 
action. . ^ ' 

VVe practice the energy conserva- 
tion ethic when we understand 
that fossil fuels are very impor- 
tant to us, personally. How many 
children today actually know 
what a lump of coal looks like? 
How many know what happens 
when " they*' {Jlug in an electric 
toaster? Because children and 
youth are JMious^about the world 
around iWpn, they may be far 
better prepared to appreciate the 
personal value of energy re- 
sources than their parents are. 
Creating learning atmosphere 
in which they can understand 
and practice energy conservation 
is ^^challenge worthy of the per- 
sonal 'commitment of every 
teacher. 

For most of us, the ^changes will 
not be fundamental ones. We will 
be. slightly cooler in winter, 
warmer in summer, make pur 
purchases with a view to effi- 
ciency and recyclabi^ity, rely less 
on throwaway ^jackaging, drive 
smaller ciars at slower speeds,* 
* use public transportajtion and 
walk more, turn off Rights we are 
not using, and le*arn to think of 
energy as money! We^will not 
"need to return to energy*use 
patterns of a -century ago. But we 
might well return to the spirit of 
the slogan t^t was so popular 
duNng Wprjd War IL "Use it up, 
wear it out, make it do/ or do 
withbut." r s 



Most school systems already 
have worked out energy conser- 
vation plans. Every teaqher 
should-, be thoroughly familiffr 
with the Guideimes for the Con- 
servation of Energy in Ohio 
Schoois published b.y the State 
Department of .Education. They 
reflfect the development of an 
awareness of the value of energy 
as a scarce resource. By carefully* 
observing and practicing these 
guidelines, we can transmit, this 
awareness to our students. 

For .example, we know that eyen 
when air that is heated to 7* to 
78 degrees is moved swiftly 
through a classroom, we can be 
uncomfortable .because - the air 
removes body heat in an ex- 
cessive way. If vve can eliminate 
drafts and reduce air flow to re- 
quired standards, we feel much 
more comfortable at lower 
temperatures. But many of 
today's schools were built when 
there seemed to be energy to 
bum, so iTijsulatiOQ^ tight doqrs 
and windows were npt always 
given priority attentipn, you can 
help correct this, but you may re- 
quire professional, assistance. 
Similarly, you. as a teacher can 
viratch the thermostSt. but your 
school district must rhake sure 
> that the automatic temperature 
regulators are maintained ade- 
quately and that heating systems 
are; kept up to date. 

You might want to consider 
^depending on your local situa- 
tion) setting thermostats as low 
as 55^f near the close of the 
Schoorday and for the night.,, 
turning thermostats down to 40^ 



on weekends unless pockets of 
uneven temperature may cause 
damage . . . shutting off all 
outside air at the end of the 
school day and on weekends 
, switching from^natural gas to an 
alternative fuel, where possible. 

4 

At home there are m5ny possible 
conservation measures {your 
students can doubtless 'come up 
with a -much longer list than this 
one): 

• keeping thermostats down 

^ providing adequate insulation, 
• . weather stripping, and storm 
v^indows 

» 

• operating dishwashers, clothes 
^ washers and dryers only once 

• turning off lights' 'and 

• televisions and replacing in- 
. candescent bulbs Vrtth fluores- 
cent fixtures 

• washing in cold water and tak- 
ing shov\?ers instead of tub 
baths 

selecting clothing for wear and 
durability * 

•'closing draperies at night dur- 
ing* the winter and keeping 

• them, closed during "hot 
summer days 

• walking or riding a bicycle in- 
. stead of driving {but, always 

practicing sale riding habits} 

* • keeping the family car in tune.. 
* -with, tires properly inflated 

• buying and using appliances 
which are most efficient (con-.^. 
sumer magazines car> tell you , 
which ones to select) 



• using an exhaust fan in the 
' summer to supplant or help 

the air conditioner , 

• doing without air conditioning 
if possible 

' • taking vacations close to hom6 - 
with the pntire family together 

• organizing car pools 

• and so on. 

•Most of these suggestions boil 
down simply to using good judg- 
ment a quality Americans are 
traditionally^noted for. 

Nationally and statewide, many 
energy-saving Steps - are being 
taken. Your students can 'docu- 
ment them, ihey-atso can stjggest 
'/Tjore steps by writing directly to 
leaders in industry and govern- 
ment. We see rnov^* 

to encourage interest in in- 
termediate technology qs com- 
pared to placing value on 
bigness. 

• .to move toward self-supporting 

communities with^ diversified 

Industries to support the needs 

the population. .« * • 

i 

• to stimulate interest Jn hand- 
crafting and the manual opera- 
tion of small machjnes for 
making products*- . 

• to provide better mass transit 
through expres§^bus services, 
from suburban parking lots.' 
"dial ride" and pooled taxi ser- 
vices, more convenient transit 
schedules, renewed interest in 
.trains and in^er^rban lines p^* 
ticularly in high-trajfic *cor- 

. riders'^ such as Cincirmat?- 
Columbus-Cleveland. 



• to schedule airline flights to 90 
percent seat capacity and at 
times when planes are not 
"stacked" over airports. 

« 

• to ^ ciit down on yaariy 
automobile redesign and make 
it easier to replace fenders, 
bumpers and other parts. 

• to promote nearby tourist 
attractions. 

If these trends are to fulfill their 
promise, your role as an educator 
will be crucial. Creative thinking 
will be at a premium as we seek* 
both shor? and long range 
.solutions to our energy problems. 
Both thinking and doing are im- 
portant, for time spent in 
teaching conservation is prac- 
tically useless junless the 
knowledge is translated ihlo~ 
action. • * • 



In Ohio classroorps today are the 
boys and gir-l^ who must develop 
workable ways of protecting and 
preserving the* vital natural en-* 
vironment. if the Environment as 
. they know it is to be left for their 
.children. Perhaps one of them 
also vrill unlock the tec)inology 
. which will relieve us of our 
. dependence on fossil fuels, 4s- 
..that student in your classroom 
tpday? 

Our energy situation is like the 
^ status of space exploration less 
than a generation ago when the 
Russians surprised us wrth Sput- 
nik. Suddenly. America needed 
trained scientific leadelFship. and 
. it was fortunate thabthe talents 
.of John Glenn. Neil Armstrong 
a^nd other leaders were being 
developed oh foundations laid in 
Ohio schools— foundations in the 
humanities as well as the 
science^. « « 
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Since the 195Q's. the space 

program has given us a new op 

portuaitv to look at ourselves. The 

implications to science and 

mathematics have been obvious, 

but we also have seen from the 

perspective of space that the. 

earth has limited resources and 

that we all ar& responsible for 

conserving these resources. The 

world view that we -share through 

^the social sciences and literature 
« 

already is reflecting this in 
t^rdependence Today's students 
must be the 'energy astronauts ' 



of the future. For them, the con 
servation ethic must become a 
way of life, reaching mto nearly 
every activity. 

Historians would search \;pk vain 
for a society which has cut back 
its demands for energy and still 
flourished. Usually, the historical 
answer to avoiding extinction has 
been to conquer new lands to 
find new energy sources. But 
there are no more new lands. We 
are confined to a planet where 
energy is scarce everywhere. 



yThus, we lack a histoncal prece- 
dent, but we do have at our dis- 
posal the technology and the 
knowledge to find our wayout of 
this apparent dilemma. The 
challenge is m cornmuhicating 
the energy conservation ethic 
and Its basic foundations to those 
who will need this knpwiedge m 
order to live. 

That IS why the outcome rests, to 
a critiqal extent, with those who 
would mold the future m the 
classrooms of the present. 






ANSWERS TO E.Q. QUESTIONS 



1 Because they are derived from animal and vegetable-remains that collected at the bottom 
of ancient seas and swamps more than three hundred million years ago 

2 Petroleum, natural gas, coal " ■ i " 

3 Sun. wind, falling water, tides, plants, animals, muscles 

4 Coal 

5 The correlation of the study of energy to science and mathematics is obvious Social 
studies trace the advancement of societies in relationship to energy use Literature 
tells of the lives of people involved m the development of energy. The^jasic energy 
source, the sun. is frequently the theme of much music and art 

6 (11 The fossil fuels m the earth now are. for practical purposes, all that we will e^er have ' 
This dilemma is at the heart of man s current energy problems„{2) The demand for 
energy is ever increasing 

. 7 Asanatiori we are Teaizing the need tomove toward self-sufficiency, and technoloqy i 
being challenged to discover new energy sources and conversion processes. 

8 The automobile and space heating 

9 Over half of the transportation energy in our country is consumed by automobiles which 
are used primarily to carry people rather than goods 

- 10 Because it requires conversion ota primary energy source such as coal, petroleum 
nuclear fission, a' hydropower for its generation 

1 1 The turbines which generate electricity are less than 50 percent effjcient. and a subsan- 
tidf amouot.is lost through transnussjon along power lines' 

12 By being burned off' at the heads of oil wells before ft Ws (darned that gas could be used 
profitably. 

13 In meeting our energy demand, we can eiiher import more fuel or reduce our consump- 
tion Other options are intensified exploration for new reserves, more efficient ways of 
refever4ng fuel^fesources. and discovery of new sources arKt, conversion processes 

14 Energ'y IS .the ability to-perform work 

15 Kinetic and potential . 

16 Fission and fusloh ' ' *" 

17 (a) All three . ^ . - 
. (b) Nuclear- 

}c) Chemical 

18 The British thermal unit (Btu),- ' . * 

19 The ratio of useful product to the tbtal amount of energy input or butput 

20 Electricity is clean, available instantly, and easily transmitted However, both the genera- 
tion and transmission of^ectricity involve some waste energy 
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21 Heat IS a kind of kirtetrc energy J 

22 (a) Sunlight, green plants, and hydropower 

(b) Uranium, coal natural gas, fuel oil arKi oil shale. 

23 Fossil fuels are found primarily within the earth and all are storable and transportable. 
They have nonfuel uses and require altering the landscape for their use. All are burned, 
producing heat to perform work, AH are nonrenewable 

24 Coal ^ ' 

25 Steam engine . 

26 pil and gas are cleaner, ^asierlo handle than coal solids, more versatile, and less 
polluting * i I 

27 Coal 

28 Gasification . • 

29 Hydropower, solar radiation, winds, tides and geothermal sources 

30 In November, 1 970, the rate at which we were finding domestic oil reserves failed, for 
the ^irst time, to exceed the rate at whitJi we Were consuming oil. 

31 National energy self-sufficiency by 1985 

32 Technological advancements are being made in th^ areas of {\) harvesting en^gy 
resources without as high an environmental cost, (2) recycling to prolong the life of 
dwindling resources, (3) harnessing energy of renewable sources such as wind, sun, and 
tides 

33 Recycling (1) extends the life of products, (2) cuts consumption of natural resources. 
(3) reduces litter ' 

34 Problems in total recycling of throwaway materials are finding markets for the sorted 
scrap, costs of collecting and tran^orting (i and energy consumptidn of machines which 
sort and process it 

35 P'^fc^nt n^ajor extraction and conversion processes exact environmental cost by releasing 
pollutants 'and causing damage to the land and bodies of .water. 

36 HtgherfueipncesTOiumish an mcBntive 1or exploration and development of new sources 
of eoergy and conversion methods. 

37 An acceptance of the fact that resources, m particular our fossil fuel resources, are finite 
and therefore precious, to be used wisely. 

38 Maintaining lower temperatures and usmg electricity, paper supplies and other energy 
consuming materials carefully. ^ • ' ^ 

39 Tuming^off lights and appliances when not m use. keeping thermostats down, buying 
appliances which are efficient, providing adequate ftsulation. 

40 Providing efficient mass transit promoting nearby recreational attractions, enforcing 
lower speed limits, encouraging community planning to decrease commuting distances, 
enacting standards for more energy efficient cars and appliances, stimulating 
technological advances in the discovery and development of new sources of eneigy and 
means of conversion. 
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GLOSSif^RY 

^"H^n^i^^'""^' ^^"-^^^^ ^'"^""^ heat requ.red to ra.se the temperature of one 
SZllra!'4"' f Fahrenhert. Because all energy rpay be converted to heat 
enetgy. the BtuTs often used as a standard measurement tor the -energy content" of 
many energy sources. As the foJIow.ng tabJe of equivalents shows, the Btu rs a very small 

• unit of measurement 



Fuel 


Common Measure 


Btu Content 




Crude Oil 

NaturerGas 

Coal 

Electricity 


Barrel (bbl.) . * 
Cubic Foot (of) 
Ton 

Kilowan Hour (kwh) 


. 5.800,000 
1,032 
24-28.000.000 
3.412 





(Unfortunately, direct compansons of energy contern of different fuel^ cannot be made ac- 
. curately because of the difficulties of measuring them in the same units.) 

CoaiGa^ificatJon-A process by which coal, in cdntact with steam, can be made to produce a 
substitute for natural gas. * . k « 

Conse/var/on-Preservation k6m loss or waste. With regard to our consumption of energy 
the message of conservation rne^ns finding the wisest possible use of nonrenewable ex- 
haustible energy sources and iijiproving conversion processes so as to increase efficiency 



c2! Sub^nuUon-A way of picturing the history of energy sources in the United 

States^ '^^^l completely replaced wind and v^rater as major energy sources 

around 1S70; cost replaced wood as flie major energy source around 1 885; and petroleum 
replaced coal as the mgjo^ energy source about 1940. 



£/Jc/enc/-The amount of useful work we get-out of a machine. or conversion process divided 
by the total energy output. Efficiency expressed as a percentage, also measures the 
amount of useful energy we get outJdiw'cJed by the- amount of energy we put into-^- 
machine. We can speak of the relative efficiencies of, various fuels or energy sources in a 
particular conversion process; and we can speak of th\ relative efficiehcieSK)f various con- 
version processes using a particular fuel. No machine 1^100% efficient. • 

• . * 

Energy— The capacity or ability to perform work. 

(y ■ ' - 

Energy-io-Enerp Conversions-Changes in states or forms of energy. J^ost energy is derived 
from another state or form-kin«ic from potential, heat from mechanical. and the like. 

. - ■ ■ 
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Environmental Cosf— All forms of energy extraction, conversion, and use exact a toll of our 
environment The advantages of a particular energy use must be weighed.agamst its effects 
on the environment. . . 



fxrracr/on— Retrieval of fossil fuels from the earth. 



Fission—A "splining/' specifically the splitting of certain heavy atomic nuclei into tv/o atoms 
of much lower atomic'weight The loss of ,rnass appears as energy in an amount-equal to 
the difference in mass times the speed of light squared (186,000 miles per second^), or 
e - mc^ The process begins with the bombardment of a "fissionable" atom by a heutron of 
another atomic nucleus vyhich releases neutrons from the "target nucleus,' This release 
enables the process to be self-perpetuating, and chain reactions are possible.*<Controlled, 
they generate useful energy, uncontrolled: they are an atomic bomb like those of World 
War II 



Flow or Fund- A useful way of classifying energy sources. Some energy is denved from the 
continuous, renewable flow of energy from the sun. Other sources are stored from times 
long past in a nonrenewable, exhaustible energy fund. 



Fossil FUel-f^ energy source, such as coal oil, and natural gas, derived from the action of 
tremendous heat and pressure on animal (chiefly marine)and plant fossils buried under the 
earth's surface more than three hundred million years ago. Fossil fuels contain the stored 
chemical energy of plants arxJ animals that v^re once alive. 



fr/cf/bn— Resistance to motion of two adjacent surfaces. ^ 



f we/— Anything converted from one form to another with/'re lease" of Inergy to perform 
useful work, as when coal is burned to produce heat to produce steam to run a turbine to 
produce electricity to light a lamp to help you read a book at night. 

T 

'^FueL Cells -Banery like, portable electric generators producing current from the reaction pf 
hydrogen and oxygen. • ' ' ^ . 



Fusion— A joining.. in particular, the combination of nvo atomic nuclei to yield one larger 

nucleus whose mass is less than the sum of the rnasses of the original nuclei^. The lost 
• mass appears as energy as in fission Jsee above). Because electrical charges within the 

nucleus make it very difficult to bring two nuclei close enoogh for fusion, the reaction re- 
, quires extremely high temperatures and pressure {hence the synonym "tfiermonudl^r 

reaction") To generate useful energy, the reaction must be controlled, the hydrogen bomb 

represents an uncontrolled fusion reaction. 



Geothermal-An energy sQurce rfelying on' natural steam riSing from underground wih 
enough force to drive turbogenerators. 
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Horsepower (hp/^A standard unit of measurement of power, equal to 33.000 foot-pounds of 
work per minute or the force required to do that mych work. (A foot-pound is the force re* 
quired to raise a one-pound object one foot straight up in the air, or its equivalent In other 
words, one foot-pound of work may be done by lifting a one-pound object one foot, or a 
two-pound object one-half foot, or a half-pound object two feet) A horsepower is more 
power than a real horse possesses over long periods, but less than it possesses m a short 
period of work One horsepower equals 745 7 watts, where ihe watt ts another measure- 
ment of power' 



Hydropower -The energy of falling water h'arnsssed to turn turbfhes to generate electnci^. 

fnertta -The resistance of an object to a change of state regarding its motion. Inertia is the 
condition reflected by the law of physics that an object at rest tends to stay at re^ and an 
object in motion tends to stay in motion It is a force which resists the transformation of an 
object's epergy state from potential to kinetic or vice versa i 



Kinetic Energy ^Ihe energy stored in a moving object By moving, an object can perform work 
or move other objects to perform work Kinetic energy of an object equals one-half the 
prbduct of Its mass and its velocity squared (Ek = 1 /2 jtiv^). 



Lav/ of Conservation of Energy^The law of physics statiftg^ that the total amount of energyjn 
a "system'* {such as the4Jniverse) is constant Energy is*neither created nor destroyed. But 
merely is constantly changing forms and states Particular energy sources of fuels t/o dis- 
appear, however This "law * has been revised in the light of findi'ngs.that in nuclear reac- ' 
tions. matter is directly converted to energy. The reverse process is also true, and the law 
has been renamed the £avV of Conservation of Energy and Matter. 



Machme^Any system or object. which, through any of a number of processes (burning, 
chemical reaction, atomic reactions) converts energy in one form (the fuel) into energy'^m 
another, more useful form (the product or output) plus'feome energy converted to a waste 
"torm 



Magnetohjdrodynamics—A process of converting heat from combusti9n gases directly to 
electricity by passing gases through a magnetic field. V 



0//S/7afe— Sedimentary rock which contains a substance yielding oil when heated. * 



Open Pit Mining—SlT\p mining. 



Potential Energy— The energy stored in a non-moving object because of its position or in- * 
herent qualities The force of gravity may act on any object as resisting forces are removed. 
Furthermore, some things, such as poal or wood, contain stored or potential energy which 
may be converted to heat energy through the process of burning. 



Power— The rate at which work is done, expressed in umts of work, such a$ foot-pounds, per 
unrt of time Energy is a capacity for doing something (work), whereas power is the rate at 
whicte^ the something is actually done. 

Project Independence^ur government's goal of national self-sufficiency in energy. 

Secondary Energy— E\tQXuc\\)i may Be thought of as secondary energy, for it requires conver- 
sion of a primary energy source such as coar, petrdeum, or nuclear fission for its 
generation. « 

Short Ton—lOOO lbs., the customary "ton" of coal, as distinguished from the -'long ton 
2,240 lbs. 

Sofar—lhe sun as an energy source, harnessed by systems of collectors or solar cells over 
vast surfaces. \ 

Tar San^/s— Deposits containing an extractable petroleum substance. 

T/c/a/— The tides as an energy source, converted by the same processes as hydropower. 

Transformations^ of Energy— Changes In energy state from potential to kmetic or kinetrc to 
potential Energy transformations are brought about by three types of process'Ss: 
*mechanical^(physical), chemical, or nuclear. 

Tra/Tsm/ss/bn ---Transportation of electricar energy from the point of generation to the point of 
use Some energy loss is inevitable in transmission. Ten percent oUhe electricity acti/ally 
generated is lost in transmission through power lines and cables. ' 

Wasre— That which is not useful to one's purposes. In certain energy conversion reactions, a 
resultant form of energy may perform no useful vwrk for us, as for example, the sound 
generated by many machines. However, that sound may be useful energy in another 
process at another time, depending jDn our purposes, as when -a whistling teakettle tells us 
the water is boiling.' 

Watt fwJ-A common unit of measurement of power, especially electrical power. Named after 
James Watt, the famousScottlsh engineer of tha 1 8th century. One^ thousand vyatts, or one 

K kilowatt (kw), is equal to 1.34 horsepower Electrical power generation, or consumption, is 
commonly measured in kilowatt-hours {kw-hr;5j, where one- kilowatt-hour is equal to the 
energy of one kilov\iratt of power acting for 6ne hour. * ' 

Wort— The conversion of energy which results In the movement of an object from one place 
•to another In response to forces (mechanical, -chemical, nuclear). The measurements for 
work have to do with heat generated (the ccilorie, Btu) or movement produced (the joule, 
electron volt, erg, foot-pound); any of these measurements may also be used to measure 
energy, the potential for work. ^ • . 
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SUGGESTED TEACHING UNITS 



Junior High and IVIiddle Scliooi 




^Energy 
Conservation 
Teaching Resource 

Units 



UNIT 1 : ENERGY-WHAT IT IS AND HOW IT RELATES TO VVORK 



UNIT PURPOSE: 

To help students become aware of what energy is. how it affects todays life style and 
how it relates to work. 

ENABLING CONCEPTS: 

A. What is work? 

B. The importance of energy 

C. How machines help change energy into useful work 
D; Energy's relationship to work 

Concept A. yvhat Is Work? ♦ • 

• • • 

INSTRUCTIONAL OBJECTIVE: 

To provide the students with a definition of work which will help them understand the 
concept of energy. 

POINTS FOR EMPilASIS: 

• There are many different ways to define work. When we talk about work we are often 
talking about things we have to' do personally. Scientists define worA as a pushqr pull 
(called a force) which causes an object or substance to move or change m some way. 

• When anything moves or changes in some way. work has been dohe. Work is done in 
nature without man^s intervention. Some of this work is helpful tji man; some is harm- 
ful; and some-^has no effect at all. ' • 

• Man performs work, sometimes abq^ and sometim'es with the aid of a machme. 
Some of the work performed by man is^^jfiefuLto man. some is Wasteful and some is 
harmfal. . • ' 

• Useful work is the work that man wants done. " ' ^ . ' 

LEARNING ACTIVITIES: 

Students may: 

• Write the following definitions in energy notebooks and develop the meaning m 
several expanded paragraphs. . ' ' 

WORK IS A^PUSH OR PULL WHICH CAU.SES AN OBJECT 
OR SUBSTANCE TO MOVE OR CH/^NGE IN SOME WAY. . 
• USEFUL WORK IS WORK THAT MAN WANTS DONE. 

• Prepare simple demonstratiohs of work and presenVthem to the class. * 

. • Construct a bulletin board display of the various types of work; useful, wasteful • 
harmful. • . . 

• Discuss the types of work our bodies do in the normal life processes (breathing, eating) 
and how these relate to the scientific definitions" of work. ■ ' 

■ 5i' ~ • ; 

46 



* S ■wr.r.T^ work we 'cJo each day from.the time we awaken until the time we 

rSlifv n '"'f ^° consciously think of as work and which do we 

classify m some other way? 

** l^mrV""* ;^P°^ °" ""^'^ that happenain nature, over which man has no 
Srs ^ *'^"^P°«'"9 se^ds, tornado, hurricane, tidal wave, 

Conc6j)J B. The fmpbrtance of Energy 

INSTRUCTIONAL OBJECTIVE:^ ' 

To make the students aware of the effect of energy on today's life style, 
POINTS FOR EMPHASIS: ^ 

* h?/ 'if=fl'"^r ('""s^'^ P°w^^) to do the work needed to rfieet 
' machtnfes ' eyem^ing was made without nonhuman energy sources of 

* SS'°" ""^l^f ^ .""1" continuously Searched to find nonhuman sources of energy 
to perform useful work. By utilizing nonhuman energy sources, man has been able w 
accomplish work more efficiently. iia» uccn ame lo 

* hL".'K''"^"°"*'"'"!" '"''^^ able to do things that could nof 
have been done with muscle power alone. ■ 

* Technology represents man's efforts to find new, rt,ore efficient ways of using non- 
human energy sources to perform u.seful work. . 

LEARNING ACTIVITIES: 

Students may: _ ' " 

* Be challenged to "brainstorm" an .industry that woulct not have a high energy require- ■ 
ment (only human apd animal sources— no electricity). . 

* rnprf'i" paper about the beginning of the uses of different sources of 
show wien '""P'^»^°^'"9^»^e^e energy sources were first used and a timeline to 

* Prepare a talking mural which would illustrate and discuss the discovery, development 
and use of various energy sources from the time of the caveman to the present (Pic'- 
tures and tape narrative are student prepared.) prebem. mc 

* Write a paper on how usinj, sources of energy has' affected the evolution of our life 

* Take a field trip to the local historical museum to view actual examples of the evolution 
of modern technologyt • 

* ^rces ^'^"'*^»^at life would be like without the use of^ionhuman energy 
. • 'Write an original science fiction story about the uses of newt5u?5»s of enersy. 

* kin'eti^."'''' °^ ^""'^ """J ^"'''"^ ^^""^ howlh^tnay become 

. " • 52 " 
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• On a map., color code those areas of the United States that might be able to use tidal 
^ energy and wind.energy. 

• Compare heat energy^ content of 10 grams of coal, charcoal, wood, gas, and alcohol. 
^ See how much water-can be boited with each sample. (Different woods have different 

calorie potentials.) 
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Concept C. How Machines Help Change Energy into Useful Work 



INTRUCTiONAL OBJECTIVE: 

To help the students understand how machines help us change energy into useful work. 

POINTS FOR EMPHASIS: 

• A machine is a device that changes e^nergy into useful work. 

• Machines can change energy into useful work through mechantcal, chemical and 
atomic means. 

• Mechanical energy is released by an object m motion. 

V • Chemical energy is released by the reacting of two or mpre elements. 

• Nuclear energy can be released through either of two processes, through fusion, the 
joining of atomic nuclei, and through fission, the splitting of an atomic nucleus. 

• Machines transfer a force (push or pull) from' one"^ place to another. 

• All of a"*machine may be involved (as a broofn) or only parts of the machme (as a 
bicycle). 

• Machines may change the direction of a force (as a pulley) or mcrease the amount of 
force (as pliers). 

» • 

• Machines may increase the dislance through which a force acts .(as a broom or a 
bicycle). 

• The work (output) of a machine equals the energy (input) put into it. 

• Machines, however,' conserve -the amount of human energy expended. 

• • For operating machines, we need energy sources that (1 ) can be converted into kinetic 

energy in the machirtes, (2) are abundant, and (3) are closely available or can be 

transported easily. \ ' - 

'1 

• Sometimes a series of machines may be needed to convert energy into useful work. . 

LEARNING ACTIVITIES: \ \ * 

Students may: \ ^ 

• Bring in examples of machines and demonstrate their use. " ' ' 

• Discuss how the following items are considered machines, knife, fork, spo^n, scissors, 
can opener, egg beater, meat grinder, doorknob, broom, shovel, rake, ho^, hammer, 
nffil, screw, Screwdriver, wrench, saw, hatchet, chisel, pliers, tweezers, cVowbar, lawn 
mower, and wheelbarrow. What are some other simple machines we have around the 

, home? 

• , . as 



• Develo-p a timeline showing when commonly known machipes were invented oroame 
irtto act,ve use. Examples: car. airplane, tractor, plow, sewing machine, washer 
Dicycie. . . 

. • Write about particular machines which changed civilization. Examples: printing press 
telegraph, electric light, internal combustion engine. 

• Trace the evolution of a particular type pf machine. • 

•. Research and write reports on the nature and use of nuclear, solar or geothermal 
energy, ^ ' 

*'.**/ 

• Trace the basic .energy conversion processes within a complex machine such as an 
autpmpptle engine or telephone. • . 

• Construpt a bulletin board display classifying pictures of machines by the type of 
energy used (chemical, solar, wind, water, nudlfear). 

♦ 

Concept D. Energy's Relationship to Work 

INSTRUCTIONAL OBJECTIVE: 

To help the students unde.cstand the rerationship between work and energy. 
POINTS FOR EMPHASIS: 

• Energy is the ability to do work. * ^ 

• In some way. everything has energy ithe ability to do work) in -the scientific sense of 
either moving or changing in some.way. 

• At a given moment, energy is either at rest or active. 

• En'ergy at rest is called potential energy'. 

• Ener^ in action is called kinetic energy. ■ • . 

LEARNING ACTIVITIES: 



Students may: i . ' • ' K 

• Write examples and draw illustrations of energy, potential energy, an&kinetic energy. 

• Each design a simple demonstration of how potential energy can be changed to'kinetic . 
energy- and present the demonstration along with. an oral report. 

• Research and present an oral report and demcJnstration on-the uses of winti as an 
. energy soqrce. (Possible source: NASA windmill near Sandusky.) ' ' 

• Research and present an oral report and demonstrlfion on the uses of \;vater as an 
energy source. Include in the^ report a discussion of the water* wheel and water 
turbirie. ' ^- 

• Research -and.report on how *eam; exploding gas artd atomic energy are used to run 
machines. > ' . ■ . 

• Research and report on .how electricity makes machines operate. 

• Calculate miles per gallon for all the parents' cars for one wieek. Summarize and 
generalize on efficiency of generic types- (compacts, subcompacts, full size, station • 
wagons). Compare yvith EPA findings. ■ > . . oiauui. 

• Determine energy requirement 4p run all machines in shop, school office and 
* maintenance department. (Name plate on eSch machine has data.) 
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- ^ ^ . UNIT 2: ENERGY SOURCES^ "* 

UNIT PUF^POiSE: . ' 

\ " . ^ ' * 

Xo mSke stucjents a^Vare of the scope of epergy sources available on this planet and of ^ 
the relative advantages and disadvantages of utilizing eaoh of these energy sources. 

•ENABLING. CONCEPTS:' / * . 

A. Characteristics of "good" energy sources: " * ^ 

B. The energy sources used. today 

C. Energy sources of the futVre '~ , * ^ 



Cbncept A. Characteristics of "Good" Energy Sources 
INSTRUCTIONAL OBJECTIVE: * 
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To provide tjie students with a set of criteria for comparing the relative desirability s>i 
different energy sources. *w . 

POINTS JFOR EMPHASIS: \^ 

• To convert energy into useful vvork, we must begin* with a "useful" ener^' Source. 

Although^eyerything has Qnergy//not everything can be changed into useful work. 

» < • 

• The charactewstics of "good" energy sourc^: ^ . 
». — High energy potential , ' - * • • v, 

I — Abi^ndgot, available supply . . • . ' 

' — Relatively easy to obtain , ^ 

Relatively easy to convert the energy source injo useful worlc 

^V Extraction and use of tbe enerjjy source should not haye negative environmental 
' > effects Or in any Qther^ay pose a health threat * • . ' 

... , . ".^^ * ^ f.: ' 7. ^ . ^ ' .1 - . 

• • There'is naperfect energy source, k\ order lo compare the refatrve clesirability of energy 
.^^.^ >Durc§s. one must cp^sider their strengths and weaknesses in- each of the five charac- 
■yV'j^ristics.' r ' ' » * - 

?::.l^ABNIN<5i5LCT^ V. . ^ , . 

' * ^ Students trisv^' " '> * ' ' \ 

• Use th^ five,cbci/actefcJSti,cs*to cpmpare variousl^nergy spurcds. / *: ' ' ' 

*• Write 5:epc>rT$ describing the factors v^hiph affect the available supplies of a paiiicular 
^ . Energy soulrce at a given time. * *• , . . , " J" ./ 

§ VVnte rfeports on how moder^^^echnplogy has affected conversipn efficrency and the 
*env»r<inment ' Ji^ * 

j • ?^eseafch dnd discuss the coYitributions of various natibhs to^nergy technology'. . . - 

, C "Examine and burij small quantity of soft and hard cobI hard and soft wood.t:harcoal 
\^ and co)c^- What differences. are^ noted?. * • . \ - 

9^- ■ • ^ '. .50 : • 



Concept B'. The Energy Sources Used Today • • 

INSTRUCTIONAL OBJECTIVE: 

To make the student.<^ware of th| major energy sources utilized todiy and to emphasize 
the tact that these are nonrenewfcle 

POINTS FOR EMPHASIS: * • 

• The ^Hable energy sources fall into two basic categories renewable and non- 
renewable 

• The major renewal?le energy sources are Arect solar radiation, the heat of the earth 
— tidal energy, and wind. 

^ • The major nonrenewable energy sources are the'ftfssil fue1s.(coal. oil. and natur^r gas) 
, and fissionable elements (nuclear power). 

• In the mid 1 970-s. our major energy s Jirces are orJ |44% of total national energy con- 
^ sumptiQR). natural gas (32%) and coal (17.5%). Our minor energy sources are 

hydrppower (4%), nuclear power (1%), and wood (1 .4%). 

Historically, man has^lied to a great extent on fossil fuels. 

• Today's technology is almost totally geared to iising nonrenewable fuels (oil natural 
gas. and coaO. T-he following is a breakdown of the U.S. use of fossil fuels. 

— Industrral 32.1% 

-T Transportation- 25.1% (Public: 10.8%: Aujos: 14.3%) 
. — Loss in Electricity Generation: 17 6% 

— Comraercial' 12.6% 

— ResidentiaL 12.6% 

LEARNING ACTIVITIES: . ' • . * 

Students may .* r . 

• • ■ * 

_ ■ • Research and make maps showing tbe tocation of supplied of major energy sources 
used in the Umted States today. Use this information to study world tr'ade. alliances 
andcoftftia among nations. • . 

~ • Analyze the probtemg of allocation of energy supplies in the" United States and among 
the nations of the world and discuss_ findings in class. 

• Discuss the pros and cbns of goverrtment-propoSed policies for allocatiort of energy \ 
supplies.. Relate this to self-interest-asrcomparerf to cooperation on an individual com- 
munity. national and internati9naf basis. . ■ » ' ' 

• « Ol?"*^- ^"^ '"^''^ ""^^^ °^ °^ '""^^ ^"^'9y sources 

'. - \ ^ , s , • 

• Wrne a paper drawing inferences- from thd^fact that more than 90% of the enerov 
sourt^ we ha\{e the ability to utilize -today are honrenewable. • ' . 

' • Stu^ the waste factors in- the'cpnyersjoin .and use of prdsent day fuets ^nd present ' 
. findings to the class. , ■ '.■ > , •. ■- ^ , , k-c^c'-i 

.:; • : ' ■ . •\: 1 

• Contact a utilKy (for example. ColombV&'and ?duthern Ohio ElmrjfA for copies 'of- their" ' i 
an^ua^^feport-or find Out hqw much W)Sl/oil/gas the company Wed to produce their 

• totsi-kilowatt. output What are the costs /fuel? Cost of electrlctyV fct are plans fo ' 
future generating stations, fuel suppli^^/ • * ^ : v 



• Divide into groups in order to research each energy source used today in terms of the 
five criteria of "good" energy sources'and report their findings to the class. 

• Picture a house ajnd estimate the amoiints of fossil fuel used by a family of four during 
a year ' • 

• List under each heading examples of the uses of fossil fuel energy 

— Transportation ^ 

— Residential 

— Commercial # 

— Industrial * 

• Using the same headings of Transportation/Residential. Commercial and Industrial, 
list problems caused t?y fossil fuel energy shortagejs. . 

J Concept Energy Sources for the Futufe 

INSTRUCTIONAL OBJECTIVE: . ^ ' 

^^^^1^ To acquaint the students with possible alternative energy sources 7or the futyre. 
PdlNTS FOR EMPHASIS: ^ , . 

• Research is now being done to harness the follovvtng potential energy sources. 

Fossil fuel sources— oil shale, tar sand^, and coal gasification . ^ • 

NIatural or continuous sources-^eothermal, splat radiation, iidal power and wind 

• / Other sources— hydrogen, fuel cells, magnets, hydrodynami(i, burning of trash, 
nuclear fission (breeder reactors) and thermonuclear fusion. r 

LEARNING ACTIVITIES: ^ . 

Students may 

• Research and report on current developments and explorations for new energy 
sources and on methpds for harnessing these new energy sources. 

• Research and discuss the methods which are being proposed.to improve use of fossil 
^ fuels. • ' » 

• Invite a resource person to discuss current research developments in the search for 
energy sources for the future. • • 

• Describe what they think would be an ideal energy source for the future 

• Think of untapped sources which may he used to perform work. ' 

• Study careers related to energy research, development an^ use. Invite speakers to the 
class or to an assembly to c|iscuss energy-related careers. 

• Maintain an energy current events scrapbook or bulletin board of ongoing 
deveJopments written up in newspapers and periodicals. 

• Have an energy education fair displaying models and charts that they have prepared to 
show the various types of fuel and the advantages and disadvantages of their use. 
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UNIT3:.TAe ENERGY SITUATION TODAY 

UNIT PURPOSE: 

, To ipake studswts aware of the major factors influencing the en^gy situation today. 
' ENABLING bOfeiCEPTS:" 

• • A. -HoW energy is used in the United States today 

* -:\^.' ctomestic supply of fossil fuels in the United States today 

C. Factors affecting the availability of fossil fuels in the United States today ' ' . 

D. What we can learn from the energy Crisis ' 

^ ; ^°"'^P<A. How Energy Is Used in the United States Today , 

- * * * 

INSTRUCTIONAL OBJECTIVE: 

To make the students- aware of the major uses of energy in our country today and of the 
tar-reaching effects an energy shortage has on each of these areas of use. 

POINT FOR EMPHASIS: 

• Energy i^ so much a part of our lives that if we have a problem with our energy sup- 
ply, most aspects of our lives are affecjed. • * ■ ■ ' 3' H 

LEARNING AcflVrriES: . - • 

Students may: • ' ■ ^ . 

■ • Lisuhe types of pro^jlems a- serious «nerg>; shortage causes in the transportation' 

residential, commercial and industrial arenas of energy use, 

• Prepare a report that deals with the majot uses'of energy today. Include use- on a 
home, school, commm^, national and interha'tional basiS. . - 

• Prepare posters depicjg the many different us^s of energy in our society today. • 

■ • Research ftie process through which electricity is generat'ed and suggest what might 
; be done to generate electricity without wasting our supplies of fossil fuels. 

• Report on th? major energy sources utilijed in their community. Local resource people ' 
might be invited in to elaborate further on Jhe^aergy sources utilized locally. 

% Learn to rearf^lectric and gas meters to determine home ene'rgy use and become 
tanriiliar with measurement terms such as kiTowan hour. . 

* • * 

Concept B. The Domestic Supply of Fossil Fuejs 
" . in the United States Today. * 

. '■ • 

irJ'^TRUCTIONAL OBJECTIVE:" 

To make the students aware that'althpugh our supply of fossil fuels will not last forever 
current fuel shortages area result of shortages in the availability of fossil fuels as well as 
^ shorj;pges in our reserve supplies of fossil fufels 

, • . ■ c .... 

• 5-8 \ 
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POINTS FOR EMPHASIS: * 

" • All the major sources of energy are fossil fuels 

goal ■ ■ .. 

If all of our energy came from coaL all of the (^oal resources in the Unitfed States 
available today would last us approximately 1 25 years. 

It <s estimated that ,ttiere are currently undiscovered r^ourc6s of coal in the United 
States which could last us up to 1300 years. 

Petroleum . . ^ ' 

If all of our energy came from peuoleum, all of the petroleum resources m the United 
States available today would last us approximately 5 years. 

. ^ = It is estimated that there are currently undiscovered resources of petroleum ip jthe 
United States which wouldjast us upto 280 years. 

The United ftates is dependent for this energy source upon other countries. 
Natural gas 

If all of bur energy came from natural gas, all of the natural^gas resources' available in 
*the United States today would last us approximately 5 years. 

'It IS estimated that there-are Currently undiscovered i^esqurces of natural gas in the 
United States which could last up to 110 years. 

Oil shale ' ' ^ 

If all of our energy came from oil shale, it is estimated that thgre are currently enough 
undiscovered resources of oil shale to last us 2500 years. 

• The potential or untapped reserve supply of domestic fossil fuels in the United Slates 
can only be estimated. However large, it is not'unlimited. 

• The availability of domestic energy sources .has not increased as rapidly , as the 
demand. 

# • 

LEARNING ACTIVITIES: 

Students may ' • 

• Research and write reports on the following topics: » - - . 
the energy reserves available in Ohio * 

How long these reserve supplies will last * V 
What can be done to extract and utilize the energy reserves in Ohio more effectively . 
The probable causes of the energy shortage' ' • , * 

The relationship of supply and demand 
, Tlie effect of importing on the eccxnomy 

• Conduct a simulated Congressional hearing on the granting of rights to'drill in the ^ 
Atlantic between the 3^5le and 12-mile limit. Is it federal or state domain? Represent, 
governor of New Jersey, senator from Ohio, EPA official, oil company representative, 

• and.others immediately affected. ' . . ' 

• Study and discuss proposed legislative measures relatmg to energy, such as rationrng, 
progressive tax on horsepower. ^ 
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, Concept C. Factors Affecting the Availability of 
» Fossil Fuels in t*he United States Today 



INSTRUCTIONAL OBJECTIVE: 

J^ZfltlLl!!^^"'^ ^^^'"9 ava.lab.lrty of foss.l fuels .n the 

qnited States.today .and of possible solutions to the problem-of avaitebilfty. 

• POINTS FOR EMPHASIS: ' ■ 

* shSeV"' '^^"^^ °^ ^^^'^ are 

■ *'II;f -^^^ ^^T"^ availab.l.ty of suppl.es of foss.l fuels in the United States 

^ rl^p'^'r^h ''T 1"'°"°^ environmental legislat.on. and lack of funding 

■ conversfon ' ^^^PP"'^"* °^ ""tapped and new sources of ener^. including was^te 

- -• f^ATlONVVlDE ECONOMIC "POLICIES 

Nat.5nwKle economic polia.e^have kepi the pr.ce of energl low in th.s country much 
lower than .n other nat.ons,The factthat energy prices irjithis country are lower^han 

• n;t?l'' '''f ^^'^ '^^ '^''"^'"9 av^labUlty of domestic 
petroleum an^ natoral gas. - i ^ 

Low nat.onvv.de price policies have encouraged""American" oil industries to sell the.r • 
pr^Jucts to for€.gn countr.es in order to get fiighec prices, and to increase foreign 
' ■ ^umries"'' ' explorat.on and expanding refinery oapacities in fore.gn ' : 

_ Low price policies have discouraged •■American-industries from ^exploring f6r iiew 
. 1 ^ domest.c resources and expanding refinery capacities in the Onitea-Stbtes. 

• ENVIRONMENTAL LEGISUVTION ' 

suppli^T^"^^' ^"^^ ^^^'^^^ ^"-^^^"^ availability of domestic Tnergy ' 

Leg.slation to halt extraction of oil off the coastof southern California put an end to 
our utiLzing one of the major untapped oil deposits in the United States. 

Legislation for a timeilock'ed the construction^f the Alaskan pipeline lo transport • 
the large Alaskan oil reserves. * ' . >^ "■ 

- . . •* • 

Many groups of concerned citizens oppose construct.on of. nuclear plants for 
reasons of safety. Many c.t.zens also oppose coal mining practices that^ scar the 
landscape* 

• NONFUEL USES OF FOSSIL FCJELS ' ' • 

t"rTZ %T f ^"^^ '"PP'y °^ ^"^'s is the tremendous 

increase in the demand for using the potential fuels for nonfuel purposes. • " 

' r^-nfT-K^' r! x"^^'^- *" manufacture of synthetic rubber, oil and water-ba'sed 
paint, dishes. D D.T.. mdigo dyes, paper coatings, plastics, explos.ves. carbonated 
, beverages, ant.-freeze. aerosols, films and vinegars ■ "onaiea 
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•LEARNING ACTIVJTIES: . • . ■ ' . - 

, • . m i 

Sto'defhtsjnay - ^ . * ' \ ^ - ^ 

f Interview a government representative on • • 

The reasons behind governmental controls on fossil fuel pr<oes 

- * ^ , i 

Whaf new legislation *si)emg proposed to improve the availabihtv of domestic fossil 
fyels ' \^ 

• • V t 

• Conduct a panel discussion m which half jake the side of the environmentalists arid 
h^lf take thfe %ide of individdals who are primarily concerned with the prospect of 
severe energy 'shortages in the .near future. They may suggest types' of governmental 

' policies whkh would encQutage the development of domestic energy supplies, while 
^ still meintaming high environmental standards. ' 

- »• *' 

• Make a bulletin board display of tbe types of fjfoducts affectedt^y the shortage of each 

' of the three fossri,fuel^ * , 

• ' . . . • . *. 

• Devote an entire issue of the school newspaper to <he subject q\ energy .editorial, 

news articles, cartoons, features, interviews. . 

' . ' ^ ^ ' ^ . ♦ ^ 

^ • Discuss^ the relative importance of using nt>nren0wable fossil -fuels for honfuel 

*. purposes, . ' * • ' ^ 

« ' • *^ • 

Concept D. What We Can Learn from the Energy Crisis 

IKlSTRUCTIONAL OBJECTIVfej, 

To make ^he students aware ofpvhat the energy crists is all about and what we can learn 
•• from It I ' 

POINTS FOR EMPHASIS: 

• The energy shortages facing our country today have occurred because of the following 
circumstances* 

Population mcreases 

The constantly increasing demand for more and more oil within the United.Stales 
(travel, greater production, more appliances) * 

Domestic supplies of oil which were too low to meet this increasing demand 

The need to import oil and natural gas to meet the increasing domestic demand 

•.The Middle East oil embargo hastened the impact of our growing energy problem. 

• The, energy crisis has clearly emphasized three needs which are critical to our nation's 
survival 

* * * 

1- The necessity for our nation to become self-sufficient in supplying bur energy 
needs. -» * " . ' ^ * 

2 The necessity of our finding new and renewable energy'sources and developing 
feasible techniques for th^lr .utilization so that we are prepared /orahe time when^ 
we have exhausted all of ou? supplies of fossil fuels. ^ ' , S ' 

3 The need to conserve our fossil fuel supplies as long as ppssibfe so that we have 
more time to research and perfect techniques of utilizipg new*energy sources. * . 



n M """" View jh,s crisis as a blessing in cl.sguise, because it has focused 

public anention. on the total energy situation. This concern may motivate Americans to 
. . prepare for future shortages.. The effects of the shortages and crisis have>olted us into 
. an awareness of what will happen if we ignore' the 'situation. ' • 

LEARNIN.G ACTIVITIES: . ' * . . v 

Students may . • . , • " > 

• Write a ne(vspapgr article on "How the Energy Crisis Has Affected My Family." • 

■ * iffS'^theil?'^"' °* »° ^'"d how the energy crisis 

' **!!^N.'" -T^''^ ^'3^^9y Shortage." (Awareness of the 

^ pfQ^em and time to work toward Us solution.) ' • - 

• Collect. and report on newspaper articles dealing wiih evidences of local energy 
snoz-tages ■ • - • .37 

• prepare graphs showing supply and demand. 

• Discuss-the effects of importing on the economy in the United States. 

• * Jit?'n °* concentration of the worlds energy r>serves m terms of 

relationships among nations. ' ' . » 

• invite a representative of an environmental group, government agency-and local power 

■ community energy problems. Thoughtful questions should be 

listed ahead of time. 

• Visrt an 0.1 refinery, electric generating' plant, coal mine or other'similar installation 
Write reports or conduct clgss "discussion on the findings. 

• Prepare and distribute a field trip sourcebo(jk in which are listed energy-related m- ' 
and what^iJaTb^seen.^""'- '"^'^ ^° 9roups. 
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UNIT 4: WHAT WE CAN DO TO EASE THE ENERGY 
SHORTAGE TODAY ANQ PREPARE FOR THE FUTDRE 

UNIT PURPOSE: \ ^ . K 

To make students aware of what needs to be done and how they caq^'help ease the 
energy situation of today and of the future.- ^ " " " 

ENABLING CONCEPTS: 

A. What we can do to ease the energy shortage today ^ 
p. What we can do to prepare for the future 

\ . Concept A. What We Can Do To Ease the Energy Shortage Today 

INSTRUCTIONAL OBJECTIVE: 

To make the students aware of how they can edse the energy shortage today through 
decreasing their demand for energy. _ ' , • 

POINTS FOR EMPHASIS; * . 

• Ins important to conserve Qur fossil fuels for twolnajor reasons: 

To give us more time to* fdehtifv new energy sources and to dev^io^ the technology re- 
quired to convert these new energy sources into useful work, and • 

To save as much of our fosstf'Tuel supply as possible for nonfuel purposes. 

• Indivicfuals canjdo many things to 'conserve energy. 

• One factor which contributes to the tremendous demand for, energy is that many 
machines , today are not designed to use energy efficiently. For example, while 
providing the same amount of cooling, some air conditioners use up to two and one- 
half times as much etectricity as others. Frost-free refrigerators use 50 percent more 
electricity than standard models. 

• It is important to compare efficiency of^h^rgy use in different-products bef or e^eciding 
which brand to buy. This practice will encourage manufacturers to develop products 
that use fe'nergy efficiently. 

• The tendency of Americans to waste -energy is another very yrnportant factor in the 
. trpmendous demand for er^ergy. We tend to use ndnhuman energy to do things that 

we could do just as well ourselves orto do things that dor>t>eally need to be done. 
Our consumption also is marked by. obv.ious tiaglect. Such as wh^ we leave lights on 
m unoccuiJie'd rooms or leave the TV-on when no one.is w^ching.'' 

LEARNING APTIVITIES: 

Students may^ 

• Research and prepare reports on the relative efficiency of different brands of the same 
roduct. Each'student <or small group of .students) may select a different product and 

compile a cocnposite report of the findings for ^distribution to other groups and to 
parents. (A student version of Consumer Report.) . 

> 
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'^ST^'^W^'oo ^ ^''^"""y ^^3^"^^ »heir winter hgat glloQation will be 

'decreased b^ZCpercent. The "family should l.st ways of dealing w.threprobTei 

.I._?_?et yp-persgna^■energy conservation goals. Make a checklist op^oreearji 

• Compile eriergy-saving checklists for home and school use. 

- • * every ertergy-usfng item within the home and ask each family member to rank 
t them in ordeF of importance. . <= lo 

' * R^iw ■'4''*'°'' ^"^^9y "se the most m one week. 

Review the reading of electric and gas meters, record the readings .for a" 6ne-week 
base period, and compare readings after a one-week reduction effort. 

• Design brochures to mform the.public about what they can do to ease energy demand.' 

■ * advertisements of today with those of 5 pr 10 years ago. How are 

they the same?/low are they different? r 

• Compare utility company advertising 6f today with-examples from 5 and 1 0 year's ago. 

• Programs on energy conservation to be given in assemblies, over the public 
address system or to community organizations. . ' 

. • List ways that energy is wasted along with way? to prevent the waste. 

• ^th^^H C"^ '° information such as how many dars pass a designated point 
with a driver but no passengers. . . ^ *^ 

' * -sSf onlnlr'^ '° If 11°'' c°'"'"""'ty busmesses and industries are cutting 

back on energy use-^hospitals; department stores, motels, and others.' 

Concept B. VVh|^We Can.Do.To Prepare for the Future 

• ■ f ' 

INSTRUCTIOWAL OBJECTIVE: • " ' 

To make students aware of what needs to be done and how they can help to insure the 
availability of energy in the future. • 

»■ 

POINTS FOR EMPHASrS: * ' 

* \ 

• We have seen the needier conserving energy to help ease the^nergy shortage today 
but what about, the future? Regardless of how well we conserve our nonreheS 
energy sources, eventually they will run out. . • nonrenewraoie 

• Tn.Zli '° "°''' '° ^"^^ researching and developing 
renewable energy sources. , , - ^^H'uy 

• Developing new. renewable energy sources sufficient to meet our national needs is a 
phenomenal task that will req<^.ire a great deal of time. Conserv.hg energy tX wi^ 
essent'ar'' ' ^"^-^ national commitment to energy conse^at'on is 

LEARNING ACTIVITIES: 

Students may 

• Design postejs to encourage others to conserve energy 

a ^ 
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• Have a panel discussion m which half of the panel represents business men whose 
businesses are largely dependent upon the use of fossil fuels and the other half 
represehts legislators concerned about insuring an adequate supply of usable energy 
for tte futu«. The panel may discuss whether or not a bill should be passed to provide 
substantial financial support for research in the area of harnessing new energy 

• sources. 

• Devote an entire issue of Jhe schoot newspaper ta-how all individuals can help en- 
courage others to conserve energy. 

• Contribute irticles on conservation practices to the local nevvspaper, 

• Write to congressmen to -find out what legislation has been passed or is being pro- 
posed to help .insure adequate, available, usable energy sources for the future. 

• Prepare and giye a program on energy conservation as a part of the public service 
programViing of local radio or television stations. 

• Hold class and student council meetings to propose and adopt, through student vote, 
energy conservation measures for the school. 

• Elect an energy conservation committee for the school. 

• • Develop value objectives in forming an individual energy conservation -ethic^ 
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SUGGESTED TEACHING UNITS 

Senior High 




Energy 
. Conservation 
Teazling Resource 

Units 



UNIT ifENERGy-WHAT IT IS AND>IOW IT AFFECTS OUR LIVES 



UNIT PURPOSE: 

To help students become aware of wPiat energy is and of'the tremendous influence it has 
pn out Jives. ^ ' ' . ^ . , . 

ENABLING CONCEPTS: 

A. Energy's relationship to work » • • * . 

B. How machines help change energy into useful work ' *^ 

< * 

C. The importance of energy » 

Concept A. Energy's Relationship to Work 

V 

INSTRUCTIONAL OBJECTIVE: 

To help clarify students' understanding of energy as the ability to do work. 
POINTS FOR EMPHASIS: 

• \NQrk is a push or pJull which causes an object or substance to move or change m some 
way^. • ' * • 

• Energy is the ability to do work. Everything has energy or the ability to do work in the 
scientific sense of either moving or changing in some way.. , ' 

• Energy is classified in one way as potential and kinetic. Potential energy can perform 
work but is not performing work at the moment. Kinetic energy is energy that is ac* 
tively performing work. 

• Work happens in nature without man's control or*direction. 

• Man. sometimes' alone, and sometimes with "the aid ojf a machine, performs work. 
Soma of the work performed by m^n is harmful to man. some is useful to man. and 
"much is wasteful. >^ 

LEARNING AGTIVITIES: 

Students may:, • . / 

• Give verbal examples of how potential energy is changedmto kinetic energy that per- 
forms useful work. ^ ^ • 

• Demonstrate through simple experiments how potential' energy can be changed into 
kinetic energy ir\ order to perform useful work. Striking a match is a simple example. 

• Research and report on one of the ways work happens in nature without man's control 
or direction, kuch as the hydfoiogic cycle. ^ 

r 

• Research and discuss how man has intervened, for good or bad. m some natural work 
cycles. ' ^ - 



Concept B. How Machines Help Change Energy into Useful Work 

* 

INSTRUCTIONAL OBJECTIVE: ' ^ . 

To h'elp students understand how machines help change energy into useful work. \ 

pSiNTS for EMPHASIS: ' ' 

• A machine is a device that changes energy mto useful jwork. Machines can change 
energy into useful work through mechanical, chemical, and atomic means. Mechlnicar 
energy is released by an object in motion. Chemical energy is energy released by the 
reacting of two or more elements. Nuclear energy is re I 
processes: 



— , thrpugh fusion, in which energy is/eleased byJhe joif 



— through fission, in which energy is released by splitti ng atomic nuclei. 



• Sometimes it takes a whole series of machines to conve 
LEARNING ACTIVITIESr . . 

Students' may: # 



leased»through eithei; of two 



mg of two atomic nuclei, and 



t energy into useful work. 



• Research and write reports on the processes thorough yvhlch energy is changed mto 
useful work. v > " ■ I r ' 

• Design a functional machine o^a "Rube Goldberg" contraption that illustrates 

• poteritial-to-kin^ic transformatioi^ ^ 

• Write essays on the relatiorjshitis between man and machines. 

• Experiment with simple machioes such as the inclined plane, pulley and lever to 
demonstrate how they make our work easier for,us. 

• Research and write reports on. the history of the earliest machines and how they were 
used. • ' ■ 



ConceptCV The Importance of Energy . , 

INSTRUCTIONAL OBJECTIVE: . . 

To make student^ aware of the effect of energy on the evolution of civilization. , , 
POINTS FOR EMPHASIS: * . . 

# 

• Earliest man relied oh his own energy (muscle power) to do the work needed to meet 
his basic needs. Nearly everything was made without the^ielp of fire, animals, water 
currents, wind, dhemical energy, or machines of any kind. 

• Civilization is a product .of man's continuous search to find nonhuman ^sources of 
energy to perform useful work. By utilizing nonhuman energy soCirces, man has been 
able to. do things which he could not have done using hft own muscles. Npnhuman 
energy sources have enabled man to accomplish work more efficiently. 

• Technology evolved as man sought new and, more efficient ways of using nonhuman 
energy.sourcQs to perform useful work. • ■ % 
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Students may ' " y^' * * ' ' ' 

• Wrne a paper describing how the role's qf family members l!ave changed as a resuh of 
tne use p\ honhuman energy sources. 

• • Write 3 paper on ^ow energy affects their hv^. ' . ' . 

' * m.l'.Suof ^"''^ ^"^'"^ art.cle%:£,s.ng on'future technolc^'as .t may apply to energy 

•. Research and drarpatize what life would be like today rf we did noti^ave the benefit of^ 
■ any machines - 

• Discuss which" machines that ^)ur pare^ didn't have simplify our-work today. ' . 

• Discuss hpw machines may have.con^li^ted our lives. Is.. man nowa'slav§ to his 
macnineSf * -« ■ ^ • 



UWrr 2; ENERGY SOURCES 

\ ' 
UNIT PURPOSE: ' 

4 * 

To make students aware of the Metope energy sources available on this,planet and of 
the relative advantages and 'disadvantages of utilizing-each 0/ these sources.. 
ENABLING CONCEPTS: ^ . • • - 

A. Characteristics of "good", jenergy sources- ^ \ ^ , * 

B, The energy sources used today ' . ^ . ^ • * " 
' C. Energy sources of the fuiuce " . \ " ' 

Concept A. Characteristics of "Good" Energy Sources 

. * • ^ 

INSTRUCTIONAL OBJECTIVE: 

To providejp^nts with 3 set of criteria for judging the relative deskability of eacrt 
energy source ' ^ . . ■ 

POIKIT? FOR EMPHASI^j } 

• Although everything has energy, not everything cap be changed into useful work. Sub- 
stances must have certain characteristics in order to be ''good" energy sourb^s. 

Characteristics 

1 The energy source should have a high energy value. 

• 2 A large siipply of the energy should be available. ^ ^ 

3. -The supply should b,e easy to process. 

4. The e^ier^y sjjpply shoulcj be stbrable and transportable. * * 

5 The extraction aftd utilization "of the energy source should not have negative en- 
vironmental effects or threaten our health or well-being. 

• There is no perfect energy source. In order to compare the relative desirability of 
energy sources^ wetnusTconsider the advantages and^disadvantages. 

LEARNING ACTIVITIES": . , 

Students may • . . ^ . * ^ 

• ^ ' 

• Design a rtiatrix for companrig the relative .desirability of vanous energy sources. The 
matrix should incorporate the five' characteristics given in the instructional develop- 
ment section (It might also include additional charaeteristics which they have thought 

• Design a process for rating the relative desirability of the energy sources. One 
recommended procedure woutobe to 

1 Compile ^la on all five charactenstics for each energy source; ^ ^ 

2 Ranlc the' energy sources for eaoh characterisiic on the basis of desirability and 
assign nurrtbers to the energy sources, giving the least desirable energy source the 
lowest number, 

• ' . 70 . . 
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3 Add up the total characteristic ratings^or each energy source; and * 
• 4 The energy source with the highest total should be the most desirable. 

• r^,?""'"!"",'^ 'llustrated reports on how people throuahout history have met 
their needs for energy p.scuss why some of these sources ma^ still be in general use 
today while others are no Iqnger used. = i«>c 

• Build an illustrated time line to showthe development and use of energy sources. 

Concept B. The Energy Sources Used Today 
INSTRUCTIONAL OBJECTIVE: 

« 

T"^^"'^ ^"^^'^ °* '^-^^ scSurces^utilized today and to emphasize the 

fact^ that these are nonrenewabte . ' k mc 

POINTS FOR EMPHASIS: 

• Many different sources of energy are available to us ' 

" • there are two basic categories of energy sources renewable and nonrenewable. 

^ The major renev^/able energy-sources are dirjft solar radiation, the heat of the earth 
Wind, and tida! energy. 

• The major rtonrenewablS energy sources are fissionable elements yielding nuclear 
energy, and fossil fuels (coal. Oil. and natural gas). ■ 

• Today, our major energy sources are 

— ori (44%) X . 

— na^ural^gas (32%) • • - 

— coal {17.5%) 

— hydropower (4%) ? ' ' ^ 

— nuclear power (1%) • , . 

— wood .4%) 

^ Todars technology is geared to using nonrenewable fyefs ' 

LEARNING ACTIVITIES: < ^ . * . , 

\ Students may 

• Label and make explanatory charts to accempany displays of fossil fuels. * 

• Identify through, reading and map construction where fossil Juel resourc'es arejqcatfti 
throughout the world Use this information to study world trade, alliances and^conflici 
amon^rjations. ' , ' 

• Research and report on supply and demand studies. 

• Research ahd report on the contributions of representatives of different nations 'ta 
energy technology ■ . . 

• Analy2e and discuss the problems of allocation in the United Stat^ and am'onq the 
nations 0 the world, . . . , 
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* • Determine' costs for extracting, converting and transporting the vcJriQMS types of fossil 



fuels. 

• Write editorials that explam why we depend so heavily on fossif fueJs, what dangers 
. af e involved in this dependence, and what we can do about it. 

• Compare the relative desirability of the major and minor energy sources uSQd today. 
« using the matrix and rating process developed earlier m thTs'uriit. 

Concept C. Epergy Sources of the-Future 

INSTRUCTIOKlAL.OBJECTIVE: ' . ' ' • 

To acquaint students with possible alternative energy sources for the future 
POINTS FOR EMPHASIS: 

• Some o^the major continuous or renewable energy sourcesevailable to us are 

1 Solar radiation 

. ^ / : 

A Directly utilized by means of 

' ' f 

1 , Optical devices such as reflectors, lenses * 

2 Photochemistry, photpelectr?city. apd thermoelectricity 
B. Indirefetly utilized through • 

1 Photosynthesis, upon which livir^ organisms depend for food and, wf:Mch,Hn 
addition,^ provides many useful materials (e.g., wood arRd^other building 
materials, rubber, fibers well as fuefe likeVood, afdoho), and turpentine 
extracted from vegetation) * , 

' . 2. Use of . . • / ^ . - 

B Water raised by the sun, moved by the wind$, ahd caught*6n the descent 
b. Winds : . • ' . ■ ' 

c Difference in .temperature between atmosphere and the earth T'the heat 
f pump'*) and the ocean " . , 

11. The heat of .the earth tapped through volcanic vents 

lU. Tidal power ' ' ' c - 

• Research is npw being done to harness the following energy sources for ^he future: 

— Fossi! fuel sources: oil shale, tar sands, and coal gasification ^ . . ^ 

— Natural or continuous sources' geothermal, solar, tidal and wind. 

— Othef sources hydrogen, fuel cells, magnets, hydrodyriamics, burning of trash, ^ 
nuclear fissiort:(breeder reactors), and thermonuclear fusion ^ ' ' ^ 

LEARNING ACT4VITIES: ; . • ' 

S^dents may. * . . / < c 

• l^^earch-and report on current explorations for new energyjsources and methods for 
harnessing these neiv energy sources to perform useful work. 

■ - J ■ ■ 
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Research and prepare a debate or panel discussion on the pcsitive and neg&tive 
aspects of some of the newer energy sources. -{aSO.OOO-year life^of radioactive 
Plutonium might be considerefl rather, dangerous.) 

Research and report oh the methods whidj axe being proposed to improve use of 
fossiHuels. 

Study the waste factors in the conversion and use of present day fuels and preset 
ofslTeports. 

Study and discuss the careers of scientists and technologists whose work deals with' 
energy exploration 

Co»iduct an energy education fair displaying student demonstrations and ex- 
periments dealing with learning about all sources of energy. 
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UNIT 3: THE ENERGY SITUATION TODAY 

UNIT PURPOSE: , 

To make students aware of the major factors influenfcirtg the energy situation today. 
ENABLING CONCEPTS: 

A. How energy is used m the United States today 

B. The domestic supply <rf fossil fuels in the United States today 

C. Factors affecting the availability of fossil fuels in the United States today 

D. What we can learn from the energy cn$is 
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Concept A. How Energy Is Used in the/United States Today 

INSTRUCTIONAL OBJECTIVE: 

To make students aware of the major userS and uses of energy in our country today and 
of the far-reaching effects an energy shortage has on these areas of use/ 
POINT FOR EMPHASIS: 

_ • Bnergy is so much a part of our lives that, if we have a problem with our energy 
supply, most aspects of our lives are quickly affected. 

LEARNING ACTIVITIES: 

Students ma^ " ' • * " 

• Research and write paper-s on one of the following: 

The process of conve'rting electricity from various energy sources 

The benefits and drawbacks of using electricity as an energy source 

What measures can be taken to reduce the'amqunt of Tossil'fuels wasted. through the 
" generation of electricity. 

• Find out how electricity is generated in or f6r their community. It would be valuable 
either for the students;tD visit the locaLpower planter to^rrange for a guest speaker 
from the local power company to describe how electricity is genprated-for the cortr- 
munity. what measures are beirtg taken to improve the efficiency of the conversion 

' processes, and how individuals can conserve electricity. / 

Research newspaper or journal articles for evidences of an energy shortage ertriCon 
a 4ocal or nationaMevel. • . - ^ 

• Firtd out how much money is spent per month by theirttechool for electricity, fuel for 
heat, and any other energy-related expenditure. Design a campaign to save energy 
within the school. After one month, compare the ampynt^of money spent before and 
atter the campaign and discuss the outcomes. If the expenditures are lower after the 
campaign, discuss how much of this reduction'might be due to energy-saving efforts 
and how much might be due to warmer outside temperatures.. school vacations, or 
other variables A similar project might be carried on within the home. 

• Find out where the phone company gets its electricity. 
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Concept B. The Domestic Supply of Fossil 
Fuels in the United States Today 



JNSTRUCTIONAJL gsjECTIVE: 

To make students aware tharour supplies of fossil fuels will not last forever Current fuel 
shortages are a resuk,6f shortages in the availabiHty of fossil fuels as well as shortages 
in our reserve supplies of fossjl fuels. 

POINTS FOR EMPHASIS: . , 

• All the major solirces of energy are fossil fuels. 

\ • Current energy shortages are not a result of a total depletion of our domestic reserves. 

• Current energy shortages have resulted because supplies of domestic fossil fuels have 
not-been made available fast enough to meet the tremendous increase m demand for 
them . y 

LEARNING ACTIVITIES: 

Students may- 

* ■ 

• Research and discuss some of the problems involved in extracting reserve supplies of 
oil, coal, and natural gas. 

• Write a newspaper article on the energy resources available in Ohio, how long the 
jj. reserves of fossil fuels in Ohio will last, and. what measures can. be taken to extract 

and ijtihze these reserves more efficiently. Include a discussion of the waste factors in 
the conversion and use of present day fuels. 

• Research the various methods for extracting oil, coal and natural gas. The findings 
may be reported graphically through posters, charts or models and the advantages and 
disadvantages of each methdb discussed. 

• • ■ \ 
Concept C. Factors Affecting the Availability of Fossil 

Fuels in the United States Today 



INaTJ?UCT40NAL^>BJEGT4V€: • 

• ♦ 

^ To make students aware of the factors affecting the availability of fossil fuels in the 
, United States today and of possible solutions to the problem of availability. 
POINTS FOR EMPHASIS: 

• The key factors affecting the .availability of f9s$il fuels, in the Unit6d States tofJay are 
nationwide economic policies, environmental legislation and nonfuel uses of fossil 
fuels Nationwide economic palicies have kept the price of energy low in this country, 
much lower than m other nations. The fact that energy prices are lower in this country 
has had the most damaging effect on the availability of domestic petroleum and 
natural gas. 

• Low. price policies have encouraged American oil companies to sell their products- 
for higher prices to foreign countries and to increase foreign energy supplies through 
exploration and expanding refinery capacities in those countries. 

• Low price polishes and severe governmental regulations have discouraged American 
industries from further explopation for new resources, and from expansion of refinery 
capacities in the United States. 
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• .Envifonmfental legislation has affected the current availability of domestic energy a 
. supplies Also, there are groups of concerned citizens who oppose the construction 'of 
nudear plants for reasons of safety. Many others oppose coal mining methods that 
scar and leave the landjjnreclaihied 

• Another factor whibh has affected availability of fossH fuels is the tremendous in- 
crease in the demand for these energy sources to be used fornonfuel pufposes For 
example, gas'^s tised in the manufacture of synthetic rubber, oil and water-based 
paint, dishes, indigo dyes, paper coatings, plastics, explosives, carbortated beverages 
antifreeze, aerosols, films and vinegars. ' '.. 

• * * • 

LEARNING ACTIVITIES: • ' . • 

Students may • ' • 

•r Study and report on legislative measures dealing with energ/. Discuss the pros and ^ 
cons of these proposed policies 

• Research and report on the effects of governmental air quality control on the use and 
availability of coal, oit and natural gas 

• Write news articles on governmental policies that both encourage the development of" 
domestic energy supplies and yet maintain envirorimental staridards.' 

- • Have a panel discussion on the .relative imfjortance' of using nonrenewable fcssil 
energy sources as fuels versus saving them for nonfuel purposes. 

• Discuss the alternatives in the manufacture of various products if nonrenewable fossil 

\ fuels are reserved strictly for fuel purposes. . , , • 

• Discuss the positive and negative aspects-of lowering air quality control standards for 
automobile manufacturers, steel manufapturers. and other industries in the interest of ' 
corfaerving fuel. ' , ^ • . . 

• Make Recommendations for legislatJon that would encourage exploration for new ■ 
energy reseives in the United States'as well- as the. expansion of domestic refinery 
capacities Base recommendations on current jourhal and nevtcpaper articles^and in- 
terviews with relevant resource people • • • . " - 

• Discuss the responsibility of the American oil industries? jn helping to-'solve the energy 

problem. , ■ - , . 

* ■ ■ , 

. CoTicept D. What We Can Learn From the Energy Crisis , 

. INSTROCTIONAL OBJECTIVE: ' • • 

To make the students aWare of what the energy crisis li.all about and what we can Ifearn ! ' 

trom It. * 

POINTS f'OR EMPHASIS: ' , 

• The following circumstances set the stage for 4he energy crisis- 

the.constantly increasing demand for more and" more oil within the United States, 
domespc supplies of oil^which were too low to meet the domestic demand, and 
the need to import oil and natural gas tp meet,energy requirements. 
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• The Middle East oil embargo heightened the impact of our growing energy problem. 

• The energy crisis has emphasized three needs clearly: 

* 1 The necessity for oyr nation to become self-sufficient m meeting our energy needs. 

2 The necessity of our finding new, renewable energy sources and developing feasi- 

# ble techniques for their utilization so that we are prepared when our supplies oV 

fossil fuels are exhausted. . , 

3 The need to conserve our fossil fuel supplies as long as posisible so that we have 
more time to research and perfect techniques of utilizing new energy sources. 

LEARNING ACTIVITIES: . 

Students may: ' • 

• fnterview members^f their community to determine what they feel are the cause and 
the significance of the energy crisis. On the basis of the data the students collect, trtiir 
may write a newspaper article which will help to clarify the energy crisis for the com- 
munity. 

<? - . ' 

• Write an editorial on "What s Good About the Energy Cnsis/' 

• Have a panel discussion on the importance of conserving our fossil fuels to 

— allow us more time to develop new energy sources as fuels, and 

— save fossil fuels for nonfuel production purposes. 

• Develop and utilize inventories. to determine how energy is wasted at horfte an* in 
public places. ' \ * • 

• Write a paper on the problems of convincing a// citizens that there is an energy crisis 

• and that each must make personal sacrifices to conserve energy. Propose solutions to 
overcome thQ^e problenns. 

• Discussnhe dynamics of human interaction in terms of the energy <:risis and its short 
and long range solutions. Include self-interesi ffs compared to cooperation on an in- 

• dividual, national and interoatiOiQal basis. * 

• Simulate a Senate subcommittee investigating the possibilities of outlaying night 
baseball. Indianapolis. 500. domed stadiums (like the Astroddme). late night TV. and 

- other ^nergy^nsuming recreation. 

• Petition grocery stores to stop wrapping and packaging food in useless containers- 
heads of lettuce in polyethylene, pork chops' on styrofoam trays which then are 
wrapped, and the like. ^ v 

• Conduct and publish a study of how businesses and industries^re cutting .back on- 
energy use Prepare a similar study on energy cutbacks by institutions such as schools 

' and hospitals. ^ . ^ * 

• Use statistical data to predict energy consumption trends. 

• Deyetop value objectives for forming an individual energy conservation ethic. 
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UNIT 4: WHAT WE CAN DO TO IMPROVE THE ENERGY 
SITUATION OF TODAY AND OF THE FUTURE 

UNIT PURPOSE: ' 

To make students aware of what needs to be done and how they may help to improve the 
energy situation today and in the future. . 

ENABLING CONCEPTS: 

A What we can do to ease the energy shortage today 
B What we can do to prepare for the future 

. ^ • Concept A. What We Can Do \) Ease the Energy 

^ Shortage Today * ^ 

INSTRUCTIONAL OBJECTIVE: 

To make students aware of how they can ease the energy shortage today through helping 
to decrease the demand for energy. 

POINTS FOR EMPHASIS: 

It IS important to conserve our fossil fuels for two major reasons: 

^ to give us more time to identify new energy sources and to develop the technology 
- ^required to convert these new energy sources into useful work, and, 

to save as much of our fossil fuel supply as possible for nonfuel purposes. 

• As individuals we can do mahy things tp conserve energy. For example, we can boycott 
or discourage use of machines that are not designed to use energy efficiently. 

• It IS important 'to compare how efficiently different brands of a product use energy 
before deciding which brand ^ buy. If everyone .did this, it would encourage manufac- 
turers to develop products which use energy efficiently. 

• Another very important factor contributing to the tremendous demand for energy is 
^ ^ tha>many Arfiericans waste energy. We tend to w^te energy by using nonhuman 

energy to do things that we could do just as well ourselves or to produce things that 
we don't really need, and by such things as leaving the lights or TV on wrher^we are 
not using them. 

LEARNING ACTIVITIES: ^ ' 

Students may ' • 

^ . • Research and prepare repohs on the relative efficiency of diftergnt brands'of the same 

• product Each student (or small group of students) may research a different product 
and design and print a report on the composite findings of the class to distribute to 

' other students and parents. (Student version of Energy Consumer Report.) 

• Design brochures to inform the public about what they can do to ease energy demand. 

• Set up personal energy conservation goals. Conduct , periodic checks to determine ' 
whethej- or not those goals are being attained 
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• Consult issues of Consumer Report or other sirrtlar publications to investigate the 
means by which consumer products are tested for efficiency. Some of these methods 
may then be adapted so that students can conduct simple tests for efficiency withm 
the classroom. 

• Hold class and student council meetings to propose and adopt, through student vote, 
methods qf conserving energy within the schooh Elect a schooKer\ergy conservation 
committee. 

• Conduct and publish the results of community surveys. Example, how many cars pass 
a designated point with a driver but no passengers? 

• Learn to read electric and gas meters to determine home use> 

Concept B. What We Can Do to Prepare for the Future 
♦ 

INSTRUCTIONAL OBJECTIVE: 

To make students aware of what needs to l)e done and how they can help to insure the 
^ availability of energy sources in the future. 

POINT FOR EMPHASIS: - . ^ ^ 

• Regardless of how well we conserve our ndnr^newable-energy sources,%entually^ 
they will run out We heed to start to prepare for the future now. We n^ed to research 
and develop renewable energy sources for the future. DevelopUig new, rei^wabfe 
energy sources sufficient to meet our national-needs is a phenomenal task thafwill re- 
quire a great deal of time. Conserving energy today will^ive us more^time, but only a 
wholehearted national commitment to energy conservation witi solve "the problem. • 

LEARNING ACTIVITIES: ^ 

Students may: ? ' ^ 

• Write editorials to urge the general public to conserve "fenergy. i 

• Interview community members to find out how jhey feel abouf the taxpayer's dollars 
going for research related to finding new energy sources^ On the basis of the inter- 

, , views, students may write editorials to convince th& community of the4mportance of 
research tn this area. - ■ - • _ - 

^ • • f ■ ' ' - 

• Write to their congressman to find out what legislation' has been passed or'iSbema 
proposed to help insure adeqi^ate, available, usable energy^urces fpr the future, . 

• Talk to service clubs, individually or in teams, concerning the energy problem. 

• Pevelop individual science projects related to the various greets of the energy 
problem. ' "} 

• Interview members of the community who work jn energy-related occupations. Use 
^ • the telephone directdry and wafft ads as a survey source to identify energy-related 

careers. • * . 
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rulos 

to help conserve fuel 
in schools 



1 
2 
3 
4 
5 

6 
7 



Lower thermostat settings .to 
"sweater comfort-' heating. 

Avoid blocking heating vents or air 
return grills with furniture or.^Jrapes * 

7* . 

Cohtrol room temperatures with 

thermokats, not by open'ing: . 
windows. 



Use limited number of outside^ioors— 
keep doo/s closed whjen not In use. 

Reduce fresh ;'air ventilation ^ 
to the minimum required by 
state and local codes. 



Turn off anused lights and 
•?!ectncal equipment 



EstabJjsh a progTa:Tn-pf phevent^-,^ ' • . » 
^ fra"ntenance#cr'fteating, water 
ttesting and food senr:ce eqii •pment 
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rules 

to help conserve fuel 
in schools 



1 

2 

3 

4 

5 

6 
7 



Lower thermostat settings to 
"sweater comfort" heating. 



9 

Avoid blocking heating vents or air 
return grHls with furniture or^^irapes. 

* * 

Control ^room temperatures with 
thermostats, not by opening . 
windows. ' 



Use limited number of outsjde doors-^ 
keep doo/s qlosed when- not In use. ' 

Reduce.fresh;air ventilation 

to the minimum required by' . . 

state and local codes. 



Turn off' tii;! used lights and 
electrical equipment 

Establish a program pf preventive / 
fnaintenance fOp«-heating, water . 
heating and food service equipment. 
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